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Foreword 


KEN J. DOUGLAS 

Telecom Australia 

State Manager, NSW. 

Assistant Chief General-Manager. 


1988, the bicentennial year of the European settlement of our country, has provided many opportunities 
to reflect on the advances of telecommunications technology which has accompanied, in fact led the 
developments of our nation. 


| find it interesting to review progress in telecommunications during my career of some 45 years and 
fascinating to conjecture on the possibilities of the near future let alone the next forty-five years. 


One of my earliest positions was in the Telegraph area at the time when hundreds of Telegram boys 
pedalled bicycles around cities and towns to deliver written messages which had been trasmitted in digital 
form by Morse Key. This service has now virtually disappeared after first being automated by TRESS and 
subsequently supplanted by the universal use of the facilities of the telephone network as penetration and 
customer control of it increased. 


The role of telecommunications development however is most strikingly seen from the technology 
applications over the past thirty years which took us from the era of analogue transmission of voice and 
telegraph signals over copper aerial and cable pairs to the digital transmission of voice, data and image 
over glass fibres. In the same period the computer has been taken from a developmental stand-alone number 
cruncher to be an intregral part, the heart of our telecommunications network infrastructure, providing 
for the processing and storage of all types of digital information. 


During the last decade as integration of new techonology has matured, the quality and reliability of 
telecommunications plant has increased spectacularly whilst costs have been significantly reduced. 


These factors have enabled solutions to be found to the problem of overcoming the tyranny of distance, 
so long a stark reality in our country, and to satisfy the burgeoning demand for the communications, 
necessary to underpin the rapidly expanding horizons in the information, business and industrial spheres. 


With ISDN shortly to be marketed and the ready availability of globalised networks we are entering the 
“communications age” and must face the challenge of the nineties and beyond. | find the future hard to 
predict, not only because we must meet the continuing explosion of technology, but also deal with increasing 
competition which is being generated by entrepreneurial drive and freer access to previously fiercely guarded 
monopoly activities through deregulation. 


The Telecommuication Journal is a significant part of our industry and has demonstrated over the years 
the capacity to adapt to the changing nature of the communications discipline. Early editions were used 
as the only available texts on essential engineering facets of the industry and articles such as Hogarth’s 
Conduit and Cable Construction and Bundles Aerial Line Construction were basic texts used by engineers 
and technologists throughout Australia and beyond. 


The volumes published since that first issue in June 1935 provide a wealth of historical information about 
the development of communications in Australia. Now with the explosion in telecommunications technology 
and the plethora of publications available in this field the Journal has repositioned itself and has achieved 
distinction as a source of current information. 


My years in Telecom and the PMG have seen many changes in their management and organisation. 
Telecom is now however making. the most radical changes in its history and the “new” Telecom which 
will be designed to cope with the challenges of the communication age will be very different in respect 
of organisation, culture and attitudes. The Telecommunication Society must remain a vital part of the “new” 
Telecom and maintain the excellence of the Telecommunications Journal as a communication and 
educational medium as it has provided over the past 53 years and thus continue to play its part in ensuring 
that Australia is provided with the best possible communication services and facilities. 


| personally am confident that it will. 


Integrated Information Access: 
A Service Evolution 


P. Mikelaitis and J.C. Ellershaw 


The problem of proliferation of telecommunications and information value added services can 
be overcome by using a gateway to those services. This paper explores the requirements for an 
Integrated Information Access service and describes the types of services that can be offered through 
such a service gateway. It identifies gateway components, and shows how Expert System technologies 
may benefit novice users. Finally, a brief description of Telecom's forthcoming iLink service, which 
incorporates some features of Integrated Information Access, is presented. 


INTRODUCTION 

The general public tends to be quite confused by 
the range of telecommunication services available. 
Many people do not know the difference between 
Teletex and Teletext or between Telex and Electronic 
Mail. Consequently, if a person wants to send an 
electronic message, how does he or she choose which 
of the public communication services (KeyLink, Teletex, 
Viatel, Telex and facsimile) to use? 

Selection of and access to the vast amounts of 
information stored electronically offers another 
bewildering array of options. On-line information is now 
available on everything from stock market movements 
to cattle movements, from library bibliographies to the 
latest political scandals. Telecom's Viatel service 
provides access to much of this information but many 
other local and overseas private videotex and non- 
videotex databases exist and can be accessed, if you 
know how. 

To use these information systems, a customer much 
firstly possess the correct type of terminal and then 
must connect to the desired information source over 
the correct network. It should also be realised that, 
where the same service is available by a number of 
means, the range and types of facilities available in each 
case often differ. For example, a Telex message may 
be sent from the normal Telex service, via Viatel or via 
KeyLink. In the case of Viatel, there is a limit on the 
length of the message. 

The bad news is that this confusion is likely to 
worsen in the near future as both Telecom and private 
companies offer an increasing range of Value Added 
Services (VASs). A value added service is one which 
adds to the basic communication connection by 
providing manipulation or processing of information 
within the network (eg. Viatel, KeyLink). 

The good news is that Telecom is working toward 
rationalising many of these problems via the concept 
of Integrated Information Access. Integrated 
Information Access will provide a gateway to may of 
the services and networks mentioned above and, in its 
most advanced form, will considerably simplify access 


and use of the services by automatically tailoring itself 
to each customers unique requirements. 

In this paper, we will describe the benefits of 
Integrated Information Access to both information 
users and information providers and then describe the 
Access Node which is the means of providing 
Integrated Information Access. We conclude with a brief 
description of Telecom's new iLink Service which is the 
first commercial attempt to implement some of the 
Integrated Information Access concepts. 


INTEGRATED INFORMATION ACCESS 


The First Step — Viatel 

Telecom already provides an elementary Integrated 
Information Access service in its videotex service, 
— Viatel. The main function of Viatel is to provide 
access to a number of databases, both public and 
private, via a single common data connection and user 
interface. Viatel, however, also integrates an electronic 
messaging system, an electronic directory and the 
ability to send Telex messages. This makes it possible 
for customers not only to passively receive information 
but also to manipulate data and cause a real world 
effect (eg. tele-banking). 

This service integration is complemented by a user 
interface which is designed to be simple. Only the 
normal numeric keys and a hash (#) and star (*) are 
needed for many of the functions. In addition, menus 
are employed extensively to reduce the complexity of 
finding the desired information. The combination of 
colour graphics and text makes the service visually 
attractive and the information presented, easier to 
understand. 


Future Integrated Information Access 
Facilities 

A fully developed Integrated Information Access 
system will provide a complete information and 
communication service environment. It will significantly 
extend the features available on Viatel and, most 
importantly, will support a much improved user 
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interface. Figure | illustrates the Service Customer's 
view of truly Integrated Information Access. The 
services of a variety of Service Centres are viewed (or 
accessed) through the window of the Service 
Environment. 


SERVICES 


"Library" Services 
Classified Adds 
Real Estate Sales 

e 


Bureaux Services 
Tele-banking 
Tele-shopping 
"Bookings" 

e 


Work Productivity Tools 
Mail (Electronic Docs.) 
Simulation Packages 
Drafting Tools 
CAD 
Expert Systems 

e 


SERVICE 
ENVIRONMENT 


Capabilities 


Terminal 


Skill Enhancement Tools 
Communications Control 
Recreation 


User Profile 
Menu Driven 
Command Driven 

Icons (Graphics) 

e 


Information Management 
Tools 
Expert Front End (Application 
Oriented) 
Service Directories 
Help 
On Line "Tutorials" 
e 


Fig. 1 — Service Customer view of the Service Environment 


Services Available 
A truly Integrated Information Access system must 

combine the two basic communication streams of data 

and voice. It must offer improvements in both — 

Information Services (through new value added 

services) and Enhanced Communication Services. 

@ Information Services provide access to stored 
information (eg. advertising databases and 
specialised electronic libraries) and bureaux services 
(eg. tele-shopping and tele-banking). They also 
include electronic mail and electronic document 
handling. 

@ Enhanced Communication Services provide a 
number of value additions to the basic telephony 
service, such as call diversion, conference calls, 
abbreviated dialing and closed user groups. The 
Integrated Information Access customer will be able 
to register on-line to control and modify these 
supplementary voice services. 


Service Environment 
There seems no doubt that people will be dealing 


with more and more information as we head to the turn 
of the Century. Clearly, mechanisms that help to locate 
and extract only that information required by a 
business or a private user are vital. What use is having 
terrabytes of data at your disposal if you cannot frame 
the questions that will help you locate the important 
bytes? 

The service environment provided by Integrated 
Information Access will enhance simple menu 
selections (as in Viatel) with a user interface able to 
configure itself to the customer's needs. 

Additional facilities provided will include context 
based help, which will provide the customer with 
prompts appropriate to the computing task he/she is 
presently engaged in. Automatic database query 
translations and automatic database “navigation” from 
incomplete customer queries will simplify the extraction 
of information by supporting a single query language 
for a wide range of databases. Information mode 
conversion (eg. text to voice or ASCII to Prestel) will 
also be provided so that information can be received 
in a manner the customer desires. 

The functions included in the Service Environment 
to support these facilities fall into three broad 
categories, namely; Terminal Capabilities, User Profile 
and Information Management Tools. 

Many of todays information, communication and 
computing services are characterised by their need for 
specialised Terminal Capabilities. As a result, many 
terminal types (both data and voice) are in common 
usage. Integrated Information Access must support a 
wide range of terminals and must use each to its fullest 
in exchanging information with a customer. The 
information necessary to control each customer's 
terminal (eg. escape sequences for cursor control on 
screen based equipment) will be stored in a database 
and will be invoked automatically when the customer 
connects to the service. This capability is already found 
on UNIX based systems but it will be extended to 
include audio “display” capabilities. 

Text-to-voice conversions will be necessary when 
the querying instrument is a telephone or for the 
presentation of multi-mode documents (ie: electronic 
documents consisting of text, sound and images). 
When combined with content conversion facilities, the 
audio capabilities will permit the Service Customer to 
choose audio response rather than visual for many 
services. 

The User Profile is a database containing 
information specific to a particular Integrated 
Information Access customer. All the information 
necessary for the Integrated Information Access to 
interact with and to interpret the commands of each 
customer will be stored in this database. 

The User Profile will contain voice templates for 
voice activated commands. This will enable customers 
to use simple telephones to initiate database queries 
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or remote actions. One obvious application for this is 
voice messaging. 

This database could be expanded to include user 
“command” preferences (ie. menu driven, command 
driven or iconic representations) and command and 
response preferences (eg. voice command and visual 
response) for specific services. Ultimately, this 
information in concert with some knowledge of user 
goals and motivation can be used to build a model of 
the customer. Such a model may be useful in resolving 
“fuzzy” or imprecise queries or commands by inferring 
the meaning from the customer's previous activity. 

The Information Management Tools will initially 
consist of on-line Service Directories which store what 
services are offered by whom, and where, and a Help 
system where some information on Service Centres will 
be held. 

Future developments could see the use of Expert 
System technology to make Help systems context 
sensitive and include in their functions on-line tutorials 
that are sensitive to the user's skill level. Further 
development could see the Help system penetrating 
into the Application and providing an “Expert” aid in 
its use, if required. 


The Service Provider's Viewpoint 
The Service Provider's view of the Integrated 
Information Access is illustrated in Figure 2. 


CUSTOMER BASE 
"Tuned" To Information 
Transaction Services 


VIRTUAL INSTRUMENTS 
(Services Targeted To 
a Small Set) 


"POINT" BILLING and PAYMENT 


STATISTICS SOURCE 


Network Dimensioning 


Service Patterns (trends) 


Fig. 2 — Service Provider view of the Customer Base 


As described above, Integrated Information 
Services will be able to cater for a large number of 
different terminal types by translating terminal specific 
characteristics to one of a small set of ‘virtual 
instruments’. Consequently Service Providers can target 
their services to a small set of ‘virtual instruments’ and 
be sure of communicating with a large number of real 
terminals. In addition (as with Viatel) the Integrated 
Information Access Service can act as a central billing 
point and a potential source of service planning 
statistics (ie. in the form of service usage patterns). 


However, one of the greatest advantages of an 
Integrated Information Access Service to the Service 
Providers is that it simplifies the introduction of new 
value added services. It gathers together a group of 
communications literate customers who are rapid 
adopters of new technology and communication 
services. 


A MODEL OF AN INTEGRATED 
INFORMATION ACCESS NODE 

To offer an Integrated Information Access service, 
an Access Node is required in the communication 
network. Figure 3 is a functional representation of an 
Integrated Information Access Node. It provides a 
single point of access to a variety of public or private 
Service Centres which each support a different service. 


Customer IIAN Service 
Equipment (One or more inter Centres 
connected systems) (S) 
(Information) 


(tele-banking etc.) 


(Enhanced 
Communications) 


Fig. 3 — Functional Representation of an Integrated Information Access 
Node (IIAN) 


To accommodate both of the customer’s and 
service provider's viewpoints described above, the 
Access Node model shown in Figure 4 has been 
developed. It consists of the following four major 
functional blocks: 


Requests action from 

Conversion from real Services Gateway 
terminals to a virtual 
instrument (e.g. speech 

templates are used here) 


s 


Customer 
V0 
Handler 


Provides “Expert” Detailed Knowledge of 
on-line help Service Centres is used 


here 
an 


Command 
Interpreter 
& 
Services Assistance 


Local 
Knowledge-base 


Integrated Information 
Access Node 


Service 


Service 
Gateway 


Centres 


Facts, plus rules oad 


relating some or all 
of those facts 


Fig. 4 — Overview of the Integrated Information Access Node 
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@ Customer Input/Output Handlers 

@ Command Interpreter and Services Assistance 
@ Service Gateway 

@ Local Knowledge Base. 


The Customer Input/Output Handler isolates the 
rest of the Access Node components from the details 
of ‘real’ terminals. To cater for simple information 
retrieval (documents containing text or simple graphics) 
the Customer Input/Output Handler need only present 
a single virtual screen upon which text and images can 
be written by, for example, a Service Centre. Translation 
to the appropriate terminal commands for the best 
representation possible (on the real screen) is 
performed within the Customer Input/Output handler 
using “terminal capabilities’ information held in the 
local Knowledge base. 

The Command Interpreter and Services 
Assistance (CISA) module will have to be developed 
in two parts. In the early stages the module will look 
very much like present day Command interpreters, and 
will in general act upon commands in one of the 
following three ways: 
® If the command is associated with a Service Centre 

that is already being accessed, then it is passed to 
the Service Gateway for transmission (possibly after 
some translation) to the appropriate Service Centre. 

@ If the command requests access to a specific service 
from a centre not presently connected, it invokes the 
connection via the Service Gateway and then 
proceeds as above. 

@ If the command requests some form of local 
assistance then the Command Interpreter invokes its 
“help” facilities. 

Of the three responses described, the first two are 
readily performed today and are the reason for the 
Command Interpreter part of the module's name. The 
third response is an area where further work is needed 
with Expert Systems and other aspects (data modelling) 
of .artificial intelligence technologies. This may result 
in the development of “Help” systems that are not only 
context sensitive, but also include the capability for 
query planning. 

Context sensitive help facilities will give responses 
to incorrect user commands which depend upon the 
- users previous commands and upon his present 
position in the system. This is possible using a model 
of the customer built up during the course of previous 
information transactions. Such a model would, for 
example, know how to interpret commands which the 
user frequently misspelt and would assess whether the 
user was a novice or was experienced and would issue 
appropriate prompts. 

Query planning allows the system to generate 
database queries from “fuzzy” user inputs, ie. user 
requests which are open to a number of interpretations. 
This again requires a customer model. Details of any 
user model and other knowledge necessary for the 


function of the CISA module is stored in the Local 
Knowledge Base. 

The Service Gateway uses information stored in 
the Local Knowledge Base to isolate the Integrated 
Information Services Node from details of individual 
Service Centres’ locations, access protocols, and query 
languages. It is likely that this module will have to 
perform query protocol and syntax translations. 


NETWORK IMPLICATIONS 

An Access Node supported by a_ national 
telecommunications carrier can offer the Enhanced 
Communication Service discussed above by allowing 
“electronic access” to some network control facilities. 

At present, a number of telecommunications 
administrations are developing network wide telephony 
supplementary services. Control of these 
supplementary services will be achieved by allowing 
automatic data base transactions between exchanges 
using the Common Channel Signalling System. Thus, 
for example, a local exchange presented with an 
abbreviated digit dialing sequence can send a request 
for the full network number to a central database (on 
some other exchange). This database may firstly 
determine if the customer requesting use of the service 
is correctly registered, and then supply the number. 
This type of facility may be useful in Australia-wide 
product promotional activities or for services which 
change their number after hours or on different days 
of the week. 

By tapping into this database network, Integrated 
Information Access Service Customers could be 
allowed to “electronically” request: 
® current account information 
® registration to new supplementary services 
@ real time services such as tele- or video 

conferencing. 

Such a service would require a Network Service 
Centre which would effectively be an “Electronic 
Telecom Business Office (TBO). 

Figure 5 illustrates the Access Node in a network 
context. 

It shows the underlying transport networks (mainly 
circuit switched with a growing packet switched 
component) with some of the exchanges extracted out 
to illustrate the database transaction network. Network 
Data and Knowledge bases where service configuration 
information is kept (eg. private virtual network 
configurations and supplementary service registrations) 
are directly accessible from only some exchanges (ie. 
the Network Control Points). 

In order to avoid intentional or unintentional entry 
into the network signalling system access must be 
carefully planned and in the early stages is likely to be 
via electronic froms listing service requests. 
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Network 
Connection 
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SYSTEM 


Service 


Inter- 


exchange 
database Customer 
transaction Access 
Exchange 
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Knowledge Bases 


Network Control Point. Direct 
(a access to Service Data bases or 
Knowledge Bases 


Fig. 5 — Integrated Information Access Node (IIAN) in a 
Network Context 


PERSONAL COMPUTER DATABASE 
GATEWAYS 

Some of the Integrated Information Access Service 
facilities described in this paper do not necessarily 
require a central network based facility. Developments 
in Personal Computer processing power could allow 
many of the functions described to sit on a desktop 
{2}. However the user would then be burdened with 
keeping the Services Gateway up to date as new 
services become available and existing services are 
modified. Regular downloading of maintenance 
information from a central network facility could 
partially overcome this problem but would again 
require the user to subscribe to a centralised service. 
Thus it is likely that some combination of local and 
network facilities will prove to be the optimum. 

The chain of organisations involved in information 
provision is but part of the larger chain involved in all 
retailing. Each stage in the chain from manufacturer 
(information generator) through distributor (information 
service provider) to retailer (information access 


provider) adds necessary value to the final product. 
Integrated Information Access will add value to the 
information by saving the customer time and effort 
through customising the service, simplifying access, 
maintaining the knowledge base and centralising billing. 


TELECOM'S ILINK SERVICE 
Telecom is about to take the first step toward 

Integrated Information Access by offering a service 

called iLink will enable customers to: 

® Locate, access and retrieve information from a 
variety of databases. 

@ Edit and store information using a personal 
workspace and command files. 

@ Distribute, disseminate and communicate 
information through messaging, data conferencing 
and notice boards. 

A gateway directory will simplify the customer's 
selection of information by listing all of the Information 
Service Providers available through iLink and by 
describing each of the on-line services they offer. 

A variety of value added services will be 
progressively implemented on iLink to enhance the 
range of services available. iLink will provide a perfect 
vehicle for Telecom to better satisfy the increasing 
communications demands of efficiency conscious 
business users. 


CONCLUSION 

Integrated Information Access will deliver the 
information that people want from the vast array of 
sources now available. To provide a convenient and 
efficient service, future information gateway services 
will be customised to the particular requirements of 
each client by storing their preferences in an Access 
Node. 

While commercial products do exist that provide 
some of the functions of the Access Node discussed 
in this paper, significant research into Expert System 
technologies, user interface presentation and database 
techniques is required to fulfil the promise. 
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Readers are encouraged to contribute to the Journal. The 
following guide outlines the major points most authors would 
need to know in order to publish a quality article in the Journal. 
A more comprehensive guide is available from the 
Editor-in-Chief. 

Type of article 

Articles should deal with interesting recent developments in 
matters relating to the management, planning, design, 
installation, operation and marketing of telecommunications 
generally. In particular, the Journal should record those special 
contributions made by individuals to the Australian 
telecommunications industry. Overseas contributions are also 
encouraged. 
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Matching Telecommunication 
to People 


G. Lindgaard and DW. Clark 


This paper discusses Human Factors in telecommunication. The term ‘Human Factors’ is defined, 
and the history of this line of research is outlined together with the typical research methodology 
and experimental design. A research project is introduced to illustrate and explain the slow progress 
towards understanding human behaviour. Basic and applied research approaches are contrasted, 
and it is argued that research questions should ideally be couched in terms of both. 


DEFINITION OF HUMAN FACTORS 

The history of electrical telecommunication started 
with the telegraph; soon after came the telephone. For 
some of the first customers of the telephone 
companies, the telephone was a magical device, but 
it was simple to use. At the turn of a handle, the expert 
switchboard operator answered and in response to a 
spoken request, two customers were connected for 
conversation. Even the advent of automatic telephony, 
and later, STD and ISD, did not cause great difficulties 
for the telephone user. 

The humble telephone was a welcome convenience. 
Its purpose was comparatively simple to understand, 
and over the years, it has been well matched to the 
human capability to hear and understand speech. For 
instance, just the physical design of the telephone 
instrument provided to customers was the result of 
many manhours of careful measurements of human 
anatomy and physiology. 

Many new types of telecommunication services are 
being offered to the customer now — and there are 
more to come. Already the variety of services offered 
would no doubt astound Alexander Graham Bell, but 
equally intrigue him. Large computerized data bases, 
crammed with information, can be accessed from 
dedicated terminals, or via terminals acoustically 
coupled to a telephone. Electronic mail systems are 
growing in number and scope, even though a single 
worldwide network of users, with multimodal facilities 
available from a single terminal, is still in the planning 
stage. Technically, a huge range of services is within 
reach, although many questions, such as security and 
terminal compatibility, are yet to be resolved. 

Most of these new services are computer based 
and are much more complicated to use than the plain 
old telephone service. Experience already shows that 
we can expect major problems in designing usable, 
efficient interfaces to new services. The users must 
perceive, understand and respond to a considerable 
amount of complex information. If we are to make 
these services as universally available and useful as the 
telephone, we need to understand how people process 
information when they use complex systems. The 


service provider who neglects to provide such 
interfaces, or who neglects to inform users adequately 
about the services, may well find problems in the 
market place. Time invested in technical research, 
development and provision of a given service may be 
wasted, for, as stated in a recent article, ‘. the final 
acceptance of developments [in electronic sciences] will 
depend on the user” [I]. 

The problems that people have in using complex 
systems, and the study of means of overcoming these 
problems, lie in the field of Human Factors research. 
“Human Factors’ is the label which we give to the 
human aspects of complex interactive man-machine 
systems. A significant area of this research deals with 
the problems associated with the presentation of 
information in a manner that is compatible with human 
capabilities and limitations. 

In this paper, we will discuss some of the ways in 
which Human Factors fit into telecommunications, and 
the types of questions that should be asked. 


HUMAN FACTORS KNOWLEDGE: 
PAST AND PRESENT 

The term “Human Factors” arose from classical 
ergonomics, a subject of study which was concerned 
exclusively with physical measurements of people in 
the design of equipment to be operated by human 
users. In designing the standard rotary dial desktop 
telephone in 1955, for example, Dreyfuss |2] describes 
how over 2000 human faces were measured to 
determine the spacing between mouth and ear piece. 
Numerous variations of the handgrip were, according 
to Dreyfuss, taken into account before the currently 
used rounded-off rectangular cross-section was 
adopted (Fig. 1). 

With respect to the faceplate and dial of the 
standard telephone, many variations finally resulted in 
the adoption of the four inch diameter faceplate which 
replaced a smaller three inch older version. Placement 
of numbers and letters was amended to reduce glare; 
about 2500 sketches for the layout were considered 
before testing took place on models in plaster and clay. 
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Fig. | — Profiles of some Standard Handsets — Past and Present |3] 


The acoustic performance was based on the 
accumulated results of many experiments during many 
years. What resulted was a tool designed in accordance 
with requirements based on human anatomy and 
physiology. Notwithstanding this major research effort, 
many telephones currently on the market seem to cut 
across good ergonomic design in the interests of 
attracting sales through novelty — to the detriment of 
telephone speech quality and physical comfort. 

In more recent times, human cognitive capabilities 
have gained prominence in Human Factors research. 
As complex interactive systems developed, it became 
apparent that the limited capabilities of the human 
operator caused difficulties in learning and using the 
systems. Attention, memory span, the sensory 
detection of sound, light, touch and smell, are factors 
that operate within certain boundaries; incoming 
information that makes excessive demands in any one 
of these areas is likely to be missed by the human 
information processor. Hence, knowledge of the limits 
of each such factor is crucial if systems are to be 
designed for effective performance in a complex 
environment. 

In addition to these fundamental elements of 
human performance, cognitive functioning also involves 
decision making and problem solving. For instance, in 
designing, say, a nuclear plant, it is not enough to 
ensure that the loudness of an alarm system is within 
the range of sounds audible to the human ear, or that 


the operator can correctly memorize the sequence of 
several alarm signals. The operator must be able to 
select the criticial information from a typically wide 
range of stimuli, to interpret it, to diagnose the fault 
that gave rise to the alarm, and to act upon his 
diagnosis so as to prevent a potential disaster from 
occurring. The consequences of mistakes in nuclear 
power pants are far different from consequences in 
telecommunication systems. None-the-less, the 
cognitive functioning underlying human performance 
in any interactive system is subject to the same set of 
principles regardless of the context. 

Human Factors research thus investigates a mixture 
of physical and cognitive factors, whose interaction 
largely determine performance. The aim is to 
understand how people process and use information. 
This enables the design of systems in which effective 
use of human capabilities is maximized and mistakes 
due to human limitations are minimized. 

The development of Human Factors studies has 
paralleled technical developments. When technology 
was relatively simple, Human Factors was mainly 
concerned with ergonomics, that is, with anatomical 
and physiological measurements on which to base the 
design of good tools. As technology has grown more 
complex and demanding of its users/operators, Human 
Factors studies have ventured into areas of cognition 
in an effort to understand human behaviour in complex 
interactive systems (Fig. 2). 
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HUMAN FACTORS RESEARCH METHODS 
AND EXPERIMENTAL DESIGN 

In Human Factors research we are concerned with 
the individual effects, and the interaction of several 
aspects of cognition such as memory, language, 
problem solving, imagery, deduction and induction 
faculties. Research projects are designed so that we can 
determine the contribution that each facet of cognition 
makes to the observed behaviour. On the other hand, 
in assessing the ease of use of, say, an interactive 
computer system, it is important that we ascertain the 
extent to which performance is influenced by the 
instructions (hardcopy or online), the system response 
time, the way the necessary information is presented 
on the screen, and the actual vocabulary used in the 
system. 

Research programmes make use of controlled 
laboratory experiments. ‘Control’ in this connection 
means that we want to scrutinise the different variables 
(such as different ways of presenting information on 
the screen) one by one, for their effect on a user's 
performance, other factors being kept constant. For 
instance, factors such as sex, age, educational level can 
be ‘controlled’ by using people from a particular group 
as subjects, say females who have completed an 
apprenticeship, or males from 20 to 25 years of age 
who left school after year 11. By controlling for as many 
of these variables as possible, we can say with greater 
confidence that this observed difference in 
performance was caused by that variable, than if many 
controllable factors are left free to vary at random. The 
disadvantage of this procedure is that results obtained 
from such a homogeneous sample of subjects cannot 
easily be generalized to other groups, or indeed to the 
general population at large. 

If the results of laboratory studies can't be 
generalised to include Telecom's customers,. for 
instance, why don't we conduct large-scale field studies? 
This question becomes even more pertinent when we 
note (as we see later) that laboratory experiments often 
take a long time to finish. Field studies may seem to 
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be the means to a better and faster solution to potential 
Human Factors problems, especially if a given project 
is concerned with an investigation of equipment 
designed to provide a specific service to the public. 

Unfortunately, field studies have limited value in 
understanding human factors problems. They can be 
useful in comparing the relative performance of 
different systems in terms of popularity or suitability 
for the tasks to be done, or for identifying gross 
problems but not for understanding the finer points. 
A user in a field trial may ‘get stuck’ in a system, but 
this knowledge helps little towards improving the 
system if we don’t know why the user ‘gets stuck’ A 
user interface that seems appealing and easy to use 
for novices may well turn out to be tedious for more 
experienced users who may abandon the system in 
disgust after a while; an easy-to-use system may lack 
the elegance and sophistication of a slightly more 
complex system, and may not possess the necessary 
flexibility allowing for connoisseur short-cuts once users 
are experienced with the system. 

In contrast, knowing what system modifications 
would facilitate the interactive process is already several 
steps towards explaining and understanding human 
behaviour. Laboratory studies are designed to isolate 
the factors that affect behaviour, so as to understand 
what underlies that behaviour. In the Human Factors 
area, our aim is to establish principles that systems 
designers can use to provide a good interface for the 
human user. Field studies in which a specific system 
is tested are not concerned with such generalty; they 
are not designed in a way that allows each factor that 
contributes to ease of use of the system to be isolated. 
Hence, if a factor does cause problems for the user, 
it cannot be readily determined which one is 
responsible. 

That is not to say that field studies are unimportant. 
It's worth noting that the factors which are critical for 
a user's performance, and hence for satisfaction, should 
ideally be explored in the design stage when alterations 
to the proposed system can be carried out easily and 
inexpensively: once a system has been developed and 
installed, it is far more time-consuming and expensive 
to change it. Field studies provide the means for such 
testing. 


OUTLINE OF A HUMAN FACTORS 
PROJECT 

The points in the preceding discussions can be 
illustrated by considering a series of laboratory studies 
which were completed at Telecom’s Research 
Laboratories over a period of some 12 months. 

We used a computer simulation of an electronic 
mail system as an experimental vehicle. Our goal was 
to investigate how the words used to describe the 
facilities available to the user affected the way in which 
people learnt to use the system. 
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The simulation was based on the Message Handling 
System described in the X.400 series of 
recommendations by the CCITT [4]. We selected a small 
subset of the ‘services’ (facilities) defined in the 
‘Interpersonal Messaging Service’ of the 
recommendations. Only services that were 
conceptually similar to those available in current postal 
and business practice were tested to ensure that 
subjects were familiar with the concepts described by 
the vocabulary under consideration. Each of the 
services was given several names or labels. Lists of the 
different labels were made — some containing highly 
technical names and others more common general 
names. Every service was included once in each list. 

We asked groups of subjects to carry out some 
messaging tasks on the simulated electronic mail 
system using the various lists of labels (Fig. 3). The 
results showed clearly that subjects preferred general 
over technical terminology. Further results showed that 
subjects who saw the technical labels took significantly 
longer to complete their tasks than subjects who were 
given the general labels. Hence, the least preferred 
labels also led to a poorer performance, indicating that 
there is a link between preferences and performance. 


Fig. 3 — Taking a Subject Through an Experimental Task Using a 
Simulated Messaging System 


In a further set of experiments we established 
several other points. Initially, subjects engaged in a form 
filling task, relied heavily on the position on the screen 
in which a given item appeared. However, when 
subjects were given a sample task in a pen/paper format 
prior to completing the tasks on the computer, screen 
position was unimportant. Similarly, prior training 
eliminated vocabulary effects. These results strongly 
suggested that familiarity with tasks — that is, 
knowledge of what one is expected to do — was the 
most important indicator of performance. 

In the final experiment we found that subjects who 
completed the experiment twice, with several weeks 
between the two exposures, performed considerably 
better on the second that on the first exposure. The 


observed, high, long-term retention suggests that 
subjects were mainly relying on existing knowledge and 
skill in completing the tasks, rather than having the need 
to integrate much new knowledge. This is an important 
finding since, in providing a service, we must ensure 
that all customers can use it. Providing too many and 
detailed instructions to users can be as deleterious to 
performance and satisfaction with a given system as 
the failure to issue adequate instructions for usage. 

The full details of the experiments and results have 
been reported in References 5 and 6, and interested 
readers should consult these. 


BASIC OR APPLIED RESEARCH: 
WHERE TO INVEST? 

Experiments such as these are necessary to 
establish the contribution of each factor to the overall 
behaviour under observation in order to learn more 
about what mediates that behaviour. By the same 
token, it is also clear that, after eight experiments and 
one year, we are a little, but not impressively much 
closer to a complete set of principles for systems 
designers. The extent to which the results can be 
generalized to other systems, other tasks, and other 
subjects, will need to be determined by further 
experimentation. The point that these experiments do 
bring home is that conducting laboratory studies is 
time-consuming; progress is steady, but very slow. 

So, we are facing a dilemma: on the one hand we 
need fast solutions to Human Factors issues, as the 
progress in computer systems is not going to wait 
around for behavioural researchers to ‘catch up’ with 
their theories and formulate suitable guidelines for 
systems designers. On the other hand, if we only ever 
assess what is already fixed in the form of existing 
systems, designed on the basis of one person's idea 
of how the human brain works, we will never approach 
the level of understanding necessary to establish sound 
design principles. 

The solution must be a compromise to the extent 
that Human Factors research can be designed to 
provide short-term answers by formulating questions 
that also have long-term implications. The research 
presented in this article, for example, clearly goes only 
a little way towards establishing Human Factors 
principles that are of practical use to system designers. 
However, as well as pointing the way to our further 
research, the results have given some insight into the 
factors, including vocabularly, that are of importance 
in interactive computing. It is worth noting here that 
the insight gained so far has enabled us to make some 
better informed evaluations of some existing services. 
Subsequently, this insight is being applied to the design 
of an experimental electronic directory system in the 
Research Laboratories. 
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CONCLUSION 


‘Although some progress has been made with 
understanding the Human Factors issues that are 
important in telecommunications, a great deal more 
knowledge is needed. In particular, a better knowledge 
of human cognitive functioning is necessary if we are 
to be able to spell out design principles for the 
user/machine interface that makes services such as 
electronic messaging and electronic directories efficient 
and satisfying to use, and hence more acceptable in 
the market place. 

Field studies of pilot systems are critical to ensure 
that the system meets the design specification and does 
not cause unexpected difficulties. However, they have 
limited value in understanding human factor.problems. 
Understanding user behaviour comes best from well 
designed laboratory studies, although progress is slow 
and painstaking. 

It is also worth noting that in isolation, laboratory 
research cannot provide the necessary insight either, 
and consequently, research questions should be 
formulated such that they point to both short-term 
solutions and long-term implications. 
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professions conducted by the Sociology Department of Monash 
University, and to a study of the relationship between quality of 
nursing care and nurses professional training sponsored by the 
Victorian Nursing Council 

Before joining Telecom, G. Lindgaard worked for a West German 
engineering company, translating user documentation and adapting 
software for their computer network 

G. Lindgaard’s expertise lies in investigating and designing user 
interfaces for complex computer-controlled systems 


Des Clarke has worked with Telecom Australia 
for over thirty years, first as a switching and traffic 
engineer, then, for the last seventeen years, in 
strategic planning and research management 
He was a member of the National 
Telecommunications Planning group that 
produced in 1975 the pioneering strategic 
planning “Telecom 2000” and its sequel 
‘Outcomes of the Telecom 2000 Report’, which 
provided a social and technical framework for 
telecommunication planning decisions 

Since 1979 Des Clarke has headed a human communication research 
group representing both social and technical disciplines. This group's 
studies have covered human factors in teleconferencing and 
computer-based telecommunications, and field investigations in 
customer's acceptance of telecommunication innovations. Current 
studies include information flow in the health sector and the locational 
characteristics of potential customers of prospective 
telecommunication services. 
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Electronic Directory Services 


R. Exner and E.K. Chew 


Directories are an essential component of most telecommunications services, yet are even today 
generally available only in printed form. Electronic, or on-line, directories have many advantages 
over paper-based ones. This paper describes electronic directories and their application to 
telecommunications and value-added services. The technology for electronic directories is being 
shaped by international standards activity, and the paper discusses the current standards work. The 
paper also describes some of the possible ways in which directory services can be delivered to the 


end user. 


INTRODUCTION 

Most telecommunications services need a directory. 
Directories allow the communicating parties to get in 
touch with one another. White pages directories allow 
the retrieval of user-related information (such as a 
telephone number) provided the name of the other 
party is known. Yellow pages directories allow the 
other party or parties to be found when given much 
vaguer information than a name. 

Telecommunicatons has benefited greatly over 
recent years from tremendous advances in computer 
technology. Many of the new telecommunications 
services available today, such as electronic messaging 
and videotex, result directly from this technology. Yet 
the technology has to date had little effect on how 
directory information is delivered to the service user. 
Most directories today are paper products — separate 
books or lists that must be consulted manually before 
using the service. 

Electronic directories are systems that make 
directory information available in on-line form, whether 
for humans to use interactively from remote terminals, 
or for computers to use directly. Electronic directories 
have great potential to enhance telecommunications 
services, particularly the information services. The 
benefits to the user are substantial. Firstly, the directory 
is always up-to-date, providing immediate access to the 
latest information. Paper directories are notorious for 
being out of date even before they are printed, which 
may be only once per year. Secondly, electronic 
directories can be searched with all the power that a 
computer can provide — multiple search keys, full text 
searching, immediate access to the entries, etc. 
Electronic directories can therefore provide fast access 
and a greatly enhanced yellow-pages type of service. 

There are also valuable benefits for the service 
provider. These take the form of reduced costs and the 
opportunity to offer new services based on the features 
provided only by electronic directories. Perhaps even 
more importantly, though, is the fact that an electronic 
directory is part of the infrastructure needed to support 
other value-added services. Providing a general- 
purpose electronic directory therefore facilitates the 


later introduction of other value-added services. 

Electronic directories are also required to facilitate 
the operation and management of future large 
computer communication networks based on Open 
Systems Interconnection protocols. 


GLOBAL ELECTRONIC DIRECTORY 

SERVICE 
For a directory to be useful it must be extensive. 

Over the last several years the international standards 
community has been working towards the goal of a 
global directory service. Such a global directory will 
necessarily consist of a cooperative arrangement of 
separate, locally administered directories. The 
alternative, a single centralized directory, is 
administratively unmanageable — each directory 
administrator will wish to retain control over local 
information. 

Such a global, cooperative arrangement is only 
feasible with the support of all parties for 
comprehensive interconnection standards. Standards 
are needed to define: 

@ A common directory information framework 
(‘schema’) to specify the types of and relationships 
between data held in the directory. 

@ Procedures for interworking between individual 
systems, so that data held in one system can be 
retrieved from another system. 

The International Telegraph and Telephone 
Consultative Committee (CCITT) and the International 
Organization for Standardization (ISO) have been jointly 
developing such a set of standards. The standards — 
known as ‘The Directory’ will form the CCITT X.500 
series of recommendations, and in ISO will become 
International Standard IS 9594 [1 & 2]. Work on the 
standards is nearing completion, with a final draft text 
now available. Nevertheless, it is expected that 
significant extensions will be made in later years to add 
additional functionality. 

CCITT and ISO have approached the question of 
standardization from different points of view. CCITT'’s 
original interest was to develop a directory for their 
X.400 electronic messaging system [3], and this is still 
likely to be the first application of the new standards. 
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This quickly developed into a requirement to provide 
general on-line directory services in both white-pages 
and yellow-pages forms. ISO's interest was, and still is, 
to provide a directory as a component of its work on 
Open Systems Interconnection (OSI). Here the most 
pressing requirement was for simple name-to-address 
translation for use in office automation and factory 
automation systems. 

Despite these differences, the two groups saw 
advantage in working together on a common standard, 
and the result is a general (draft) standard able to serve 
all these functions and more. 


BASIC FEATURES OF THE CCITT/ISO 
DIRECTORY 

The CCITT/ISO Directory offers a wide range of 
service features to the end user. The user may read 
and verify directory information, list directory entries, 
or search for the set of entries that have a given 
combination of characeristices (based on information 
in the entries). An example of the latter might be a 
search for all plumbers in a given suburb who advertize 
themselves as available on weekends. 

There are a number of ways in which the scope (and 
hence cost) of the search can be limited. These include: 
restricting it to the local directory system, or to a group 
of related entries, or else limiting the search time or 
the amount of information that can be returned. The 
Directory allows not only on-line modification of 
directory information, but also (subject to access 
controls) modification by the directory user of that 
information. 

The Directory is, in principle, capable of holding any 
type of information for any object listed. An object may 
be a person, an organization, a computer, a mailing list, 
indeed anything with which one can associate ‘directory 
information’ In practice, it is likely that implementations 
of the Directory standard will limit the types of 
information and types of objects that can be listed to 
the most useful ones only. A typical implementation 
may make it possible to store an organization's business 
name, address, telephone number, telex, teletex and 
electronic mail addresses, as well as business-specific 
information such as a description of the business type, 
its daily opening hours, product catalogues and service 
or advertizing details. 


The Information Framework 

The information contained in the Directory consists 
of a number of entries arranged in a hierarchy known 
as the Directory Information Tree (DIT), illustrated in 
Fig. 1. The DIT provides a basis for naming entries. Each 
entry has a globally unambiguous name, called the 
distinguished name that is formed by adding its own 
relative distinguished name (RDN) to the 
distinguished name of its immediate superior. The RDN 
identifies an entry relative to its superior. In Fig. 1, the 


laser printer has an RDN ‘Laser Printer: and a full 
distinguished name ‘Australia/Acme 
Electronics/International Cable Sales/Laser Printer’ 


root 
LEGEND 
C = COUNTRY 
0 = ORGANISATION 
OU = ORGANISATIONAL UNIT 
CN = COMMON NAME C = Australia 
O = Acme 
O = Telecom International 
(Alias) 
OU = Research OU =International 
Laboratories Cable Sales 
CN = John Brown CN = James Smith CN = Laser Printer 


Fig. | — A Sample Directory Information Tree 


Some entries in the DIT represent not objects, but 
aliases, which contain the name of the object they 
represent, this provides for more user-friendly naming 
than would use of the distinguished name alone. The 
tree structure of the DIT is important in limiting the 
scope of a directory search, which must always take 
place within a named subtree of the DIT — ie. among 
all entries in a particular portion of the hierarchy. 

The information held in an entry is represented as 
attributes. An attribute consists of a label identifying 
the category or type of information (for example, name 
or telephone number), and a list of one or more values 
(the actual name or telephone number). The general 
structure of an entry is illustrated in Fig. 2. 


ENTRY 


[anebae] [ARrbae] [Abate] — [Ae] 
| as 


ATTRIBUTE 


[Vatue | [ave] 


.eg. "Telephone 5410000 541-2345 number" 


Fig. 2 — Structure of an Entry 


The Directory Model 

The DIT provides a uniform global name space 
within which it is possible to uniquely place any object. 
The entry information of these objects, however, is 
shared between many directory systems, which must 
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interwork with one another to implement the single DIT. 

In the CCITT/ISO standards work, this network of 
directory systems and directory users is modelled with 
two kinds of functional entity (Fig. 3). Each local 
directory within the Directory system is known as a 
Directory System Agent (DSA). Each user interacts with 
the Directory via a Directory User Agent (DUA). The 
DUA helps the user to formulate his directory query 
and sends this query in an appropriate form to a DSA. 
The DSA may then resolve the query locally, pass the 
query or a subquery onto one or more other DSAs to 
resolve, or return ‘referral’ information to the DUA to 
allow the user to follow up the query at another DSA. 
The functionality of the DUA may be remote from the 
user and co-located with the DSA, or it may be resident 
in the user's computer system. 


DIRECTORY 


ja 


Database 


| DSA DSA 


mes 


Database Database 


USER —]| DUA 


DUA -— USER 


USER —| DUA 


DUA = Directory User Agent 
DSA = Directory System Agent 


Fig. 3 — The Directory Model 


Protocols 

Procedures are needed in the above model for 
conveying requests and results between DUAs and 
DSAs which lie in different systems. CCITT/ISO have 
defined new protocols for this, belonging in the 
Application layer of the OSI reference model. The 
protocols are transaction-oriented, and are essentially 
the same between the DUA and DSA as between DSAs. 
A given DSA therefore ‘serves’ both its DUAs and 
other DSAs. 


TECHNOLOGY FOR A GLOBAL 
DIRECTORY SERVICE 


Knowledge and Navigation 

A directory requires an underlying database to 
manage the entry information it holds. One of the 
significant decisions made in the standards work was 
to base the distributed CCITT/ISO Directory not on an 
underlying distributed database, but instead on 
interworking many separate, centralized databases 
(Fig. 4). 


Application 


DSA |——————| DSA_ |~————} DSA 


Database 


UI) I 


U 
(I 


(a) Multiple Centralised Databases (CCITT/ISO model) 


Application 


DSA DSA DSA 


. 


Database 
(b) Distributed Databases 


Fig. 4 — Centralized and Distributed Databases 


Distributed databases solve the difficult problems 
that otherwise must be solved by the application of: 
how to navigate to (ie. locate) the database that holds 
the data required to resolve a particular query, and how 
to keep all copies of replicated data consistent with 
one another (data is replicated, ie. copies kept at 
multiple sites, for efficiency reasons or to provide 
redundancy). 

A distributed database solution was rejected in 
favour of multiple centralized databases for several 
reasons: the limited availability of distributed database 
products and standards, particularly products that 
would interwork with those of other vendors; the 
greater degree of local autonomy inherent in the 
centralized database approach — different 
administrations could manage their own systems with 
little reference to other systems; and simplicity — 
distributed databases solve a much bigger problem 
than that posed by distributed directories, and the extra 
complexity of general distributed databases merely 
adds overhead. 

These reasons left CCITT and ISO with a need to 
address the navigation and consistency problems in the 
directory application itself. The first of these was 
handled by introducing a knowledge model that 
establishes the minimum information that a particular 
DSA needs to know about the data held in other DSAs 
in order to successfully navigate there. This is the most 
complex part of the draft standard, and the most 
original part of the work. The standard mandates that 
each DSA must hold this knowledge, thereby ensuring 
that every DSA can make progress in resolving any 
query. 

The consistency problem — how to keep two or 
more copies of the data consistent with one another 
in the face of updates — was conveniently handled by 
permitting inconsistency! The Directory provides only 
weak consistency: it is permitted to return out of date 
information from some DSAs for a transient period 
after every change. This is tolerable because changes 
to directory entries are generally made much less 
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frequently than user retrieval of these entries. By 
permitting transient inconsistency, the consistency 
problem is managed with minimum overhead. 


The Database 

The CCITT/ISO model relates entries to one another 
in a hierarchical fashion, resulting in a tree — the DIT 
— of entries. This suggests that a hierarchical database 
is most suitable for an actual implementation of the 
Directory. Most general purpose database products 
appearing today, though, are of the relational kind, as 
it is much easier to develop and maintain applications 
based on relational database management systems 
(DBMSs) than on hierarchical ones [4]. Fortunately, 
there is in fact no difficulty in using a relational 
database to model hierarchical relationships. 

A difficulty does exist, however, in regard to using 
typical commercial, general purpose DBMSs as the 
basis for a directory system. The types of directory 
query that need to be supported make very little use 
of the richness of the query language provided by a 
general purpose DBMS. Consequently, the general 
purpose DMBS implements many features that are 
never used but which slow down its performance 
considerably. Moreover, some of the features required 
by an implementation of the CCITT/ISO Directory are 
not well supported by the current range of commercial 
DBMSs. For these reasons, it is likely that commercial 
implementations of the CCITT/ISO Directory system will 
prefer to use their own special purpose implementation 
of a database than base the Directory on a general 
purpose DBMS product. 


DELIVERING THE SERVICE 

Important as the Directory standard is to the goal 
of a global directory service, it does not address the 
question of how to deliver this service to the service 
user. The standard merely provides the framework — 
the infrastructure around which an _ actual 
implementation of the service would be built. And 
there are many ways in which a directory service based 
on the CCITT/ISO standards can be provided: 
@ The service may be designed to provide electronic 
access to the telephony white pages. A national or 
local electronic white pages service (not based on 
the new standard) is already available in many 
countries (including Australia, where it is used by 
the manual assistance operators and directly by high 
volume corporate users). But no such service exists 
on an international basis at present. The CCITT/ISO 
standards have potential here to greatly enhance as 
well as reduce costs in the provision of international 
directory services. 
A very attractive yellow pages service can be 
provided which makes full use of the power of 
computer searching on a variety and combination 
of search keys, including full text search on 
descriptive information in an entry. Such a service 
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(again predating the new standards) has been 
available for several years in France [5], where it is 
very popular. Its success, however, is in large part 
due to the penetration of the Minitel terminal which 
is used to access that and many other services, and 
which is provided free of charge to users. 

Other possibilities include a comprehensive -value- 
added services directory which will allow all 
relevant communications information about a given 
organization or person to be accessible from any 
service; and corporate directories, in which an 
organization's internal directories are available on- 
line for use within the organization and to selected 
others. The facilities which the CCITT/ISO standards 
will provide for interconnecting separate systems 
and for access control are particularly important 
here. 

There are many ways of accessing the service. They 
can be broadly classified into three groups: 

® Operator assisted. The use of a human operator 
to respond to directory enquiries over the telephone 
is a well established practice. Electronic directory 
services allow the operator to respond very rapidly. 
Nevertheless, operator assisted services are labour- 
intensive, and are most suitable for occasional users 
or for users who are unable to access the service 
directly because they do not have a suitable 
terminal. 

Direct access. Here the user has a suitable terminal, 
and is able to directly access the directory service. 
This may be as a stand-alone service (like any other 
information service), or from a ‘host’ service (eg. 
videotex). The stand-alone service is most 
appropriate for high volume users, or for users who 
wish to make full use of yellow-pages style searching: 
access from a host service is more suitable for 
occasional users. In this case, the access may be well 
integrated into the terminal dialogue of the host 
service (eg. display of videotex pages), or it may 
require ‘escape’ into an altogether different dialogue 
if the host service and directory service cannot be 
suitably integrated. Careful design of the user 
interface is necessary here if occasional users are 
to succeed in easily making their own directory 
enquiries. 

Implicit access. The user may rely on the host 
service to perform directory lookup implicitly. An 
example of this would be in electronic messaging 
where the recipient is specified by name. The 
directory implicitly converts the name to an 
electronic mail address after the user has submitted 
the message. This requires direct interaction 
between the messaging system and the directory. 
Such ‘behind-the-scenes’ access will also occur to 
support OSI process-to-process communications, 
terminal compatibility checking, and authentication 
and security services based on public key encryption 
techniques [6]. 


1988 


20 


eR A A SR ESAS ST RPT TCDS SST EER TS IPS SETS eT PI FN EE SE 


ELECTRONIC DIRECTORY SERVICES 


Clearly, there are many ways in which electronic 
directory services can be provided. The CCITT/ISO work 
expands the possibilities for new service offerings, at 
the same time providing a framework by which they 
can be extended internationally. 


CONCLUSION 

Electronic directories have great potential to 
enhance telecommunications services, particularly 
value-added services. They can provide an attractive 
service to the end-user, and they form a valuable 
network resource that will facilitate the introduction of 
other value-added services. With the CCITT/ISO 
directory standards, the technology required to build 
a global directory service will soon be available. 


REFERENCES 

[1] ISO Draft Proposal 9594, ‘Information Processing 
Systems — Open Systems Interconnection — The 
Directory, Second DP. Tokyo, June 1987. 

[2| Nakulski, J.P, Craig, PC. and Exner, R., ‘The 
Emerging Standards for Electronic Directories’ 
presented at IREECON — 87, September 1987. 

(3) Craig, PC: and Chew EK “460 = 
A New Era in Electronic Messaging’ 
Telecommunication Journal of Australia, this issue. 

[4] Date, CJ., An Introduction to Database Systems, 3rd 
edition, Addison-Wesley, 1981. 


[5] ‘Twenty-three million telephone numbers on the 
line, Telecom France No. 9. 

[6] Snare, J., ‘Security for Value Added Services’ 
Telecommunications Journal of Australia, next issue. 


Eng Chew received the B.E.(Elec.) degree from 
Melbourne University in 1972. He worked for 
Telecom (Victoria) for one year before going on 
to postgraduate study. He was awarded the 
M.Eng.Sc. and Ph.D. degrees from Sydney 
University in 1975 and 1981 respectively 

In 1979 he joined the Telecom Australia Research 
Laboratories where he has worked on both ISDN 
and OSI application layer protocols. At the time 
of writing of this paper he was Head of the 
Telematic and Message Services Section of the Research Laboratories. 
He has since resigned from Telecom and is now with UNISYS 


Rolf Exner received the B.Sc and B.E.(Honours) 
degrees from University of Tasmania in 1975 and 
1977 respectively. In 1979 he completed an 
M.A.Sc. degree at the University of British 
Columbia, Vacouver, Canada in the field of 
computer speech analysis. 

He joined the Telecom Australia Research 
Laboratories in 1980 where he has been involved 
in work on OSI application layer standards 
including Message Handling and Electronic 
Directories. He is currently a Technical Specialist in the Telematic and 
Message Services Section leading work on the Electronic Directories 
project. 


ESTEE SEED BET ETE IE ETI ISTE 5 NEL LEE EE IS SLE EA LUDE LAL: AR PLDI STE IS BAST EE ETS SHR OE TE ONS ELGEN SITET EE IRE GA GE ITE DRE TIAL BENT L DS TEE  EGT 


TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. 2 


21 


1988 


New Rates for 1989 


TO OUR MEMBERS AND SUBSCRIBERS: 


Following examination of the tendered printing costs 
and the financial plan of the Society, the Council of 
Control has found it necessary to increase costs of the 
Telecommunications Journal of Australia and the 
Australian Telecommunication Research in accordance 
with the adjoining table. 

The Council of Control is concerned about the 
increased costs of both the TJA and ATR and continues 
to be mindful of its objective of providing up-to-date 
information about advances in telecommunications 
technology to its members at prices they can afford. The 
Society has been assisted generously by Telecom 
Australia, which has provided financial assistance in the 
form of a subsidy. This subsidy, together with prudent 
management of costs and increased revenues from 
higher rates, has consolidated the financial position of 
the Society to a degree where increased confidence 
about the future of the Society is shared by all of the 
Executive. 

The Society looks forward to your continuing support 
and urges you to assist in keeping costs down by 
encouraging others to become members of the Society 
or subscriber to the Journals. 

S. Lindrew, Honorary Treasurer 
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X.400 — A New Era in 
Electronic Messaging 


PC. Craig and E.K. Chew 


In 1984, the CCITT published a set of standards known as the X.400 Message Handling 
Recommendations. These standards, which define a store-and-forward messaging service are making 
a major impact on the future provision of electronic messaging and other value added services. The 
paper examines in detail the framework of X.400 including the enhancements to it which are currently 
being jointly developed by CCITT and ISO. The underlying model and the services (such as message 
transfer and storage) which the system can provide to an end-user are explained. Not only does X.400 
enable the interconnection of disparate messaging systems, its underlying protocols and techniques 
are also having a profound impact on the development of new Open Systems Interconnection 
Application protocols. X.400 provides a content-independent messaging infrastructure allowing it 
to form the basis of other value added services. Future efforts will focus on defining these new value 
added applications which will influence significantly intercorporate communication and trading 


patterns. 


The area of messaging services is currently 
undergoing a revolutionary change by the emergence 
of globally interconnected electronic messaging 
systems based on the X.400 [1] standards. These 
standards were first published by the CCITT in 1984 
and are currently being updated for 1988. They will 
guide the infrastructure development which will see 
much wider acceptance of electronic messaging as a 
mode of communications in the near future. This paper 
traces the origin of X.400 and explains its fundamental 
architecture and capabilities. It also examines X.400’s 
potential impact on value added services provisioning 
and likely future trends. 


HISTORY OF ELECTRONIC MESSAGING 

From the telecommunications perspective, 
electronic messaging has a long history dating back to 
the now almost obsolete public Telegram service. 
Telecom Australia has several current electronic 
messaging products including the venerable Telex 
service and the new Teletex service. All of these 
systems, however, are basically one-to-one real-time 
interactive communications systems and require 
specialized terminals. 

In parallel with the evolution of electronic 
messaging in the telecommunications industry, the 
concept of electronic mail on time-sharing computer 
systems was developed by the computer industry in 
the early 1970's. These systems were later enhanced 
to allow messages (electronic mail) to be sent across 
a network of computers. These are known as Computer 
Based Messaging Systems (CBMSs). 

The features which characterize these CBMSs are 
the support for one-to-many communications, the 
provision of storage (or mailboxes), and access to the 


service via “dumb” terminals. The provision of storage 
is an essential change from previous services as it 
allows a message to be sent even when the recipient's 
terminal is not currently available. The CBMS then looks 
after delivery of the message to the recipient's mailbox 
and it can then be retrieved at the convenience of the 
recipient. Such a service is often referred to as 
“store-and-forward”. 

Because it offers a quick and reliable delivery 
service capable of reaching multiple destinations 
simultaneously, as well as many other useful features, 
electronic messaging has become an essential and cost 
effective tool for office automation. Many businesses 
are now using this tool for intra-corporate 
communication to increase their competitive edge. 

Recognizing the profitability offered by the 
electronic mail service, several companies (including 
Telenet, Dialcom, AT & T and MCI in the USA) have 
established computer systems dedicated purely to 
providing electronic messaging. Similarly, an increasing 
number of telecommunications administrations are also 
offering electronic mail service to their customers. The 
joint Telecom/OTC electronic mail service, KeyLink, is 
such an example. 

The increasing demand for electronic mail service 
has led to the proliferation of proprietary systems being 
developed by a multiplicity of vendors. These systems 
are being used in both private and public messaging 
domains. The main problem with these proprietary 
systems lies in their incompatibility. Thus users of one 
system cannot communicate with users of another 
proprietary system. This reduces significantly the overall 
benefits of the mail systems to their users. 

To overcome this requires the development of an 
electronic mail interconnection standard which 
enables disparate systems to inter-communicate. Thus 
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there has been much effort in the development of this 
standard over the past decade. This work was initiated 
by the International Federation for Information 
Processing (IFIP) during the later 1970's. The 
standardisation effort was later taken up by CCITT in 
the 1981-84 Study Period culminating in the ‘Red Book” 
X.400 series of Message Handling Recommendations 
published in 1984 |l]. These standards are one of the 
first applications of the Open Systems Interconnection 
(OSI) Reference Model {2] which has been standardised 
by CCITT and ISO. 

The X.400 standards represent a convergence of 
telecommunications and computer messaging systems, 
as it allows not only the interconnection of proprietary 
mail systems but also the interworking of these systems 
with, for example, Telex and Teletex systems. Because 
of this increased connectivity afforded by X.400, the 
advantages of electronic messaging to the user are 
further enhanced. 


STATUS OF THE X.400 STANDARD 

The 1984 X.400 Recommendations describe the 
model, service elements and protocols of a distributed 
store-and-forward messaging system. Since 1985, 
further work on enhancing the facilities of X.400 has 
been undertaken jointly by CCITT and ISO. A revised 
set of Message Handling standards are due to be 
published jointly by CCITT and ISO in 1988 which will 
cover a number of compatible extensions to the 1984 
standards as well as correcting several errors and 
ambiguities in the earlier standard. 

The ISO version of the standard, known as the 
Message Orientated Text Interchange System (MOTIS) 
will be totally compatible with the CCITT standard as 
both will share the same text. This new version of 
X.400, to be published in the ‘Blue Book” [3], already 
exists in final form. 

The 1988 standard will include all of the services 
of the 1984 standard, but also adds many new features. 
These include message storage, distribution lists, secure 
messaging, support for directory names, and physical 
delivery of messages. Details of these features are 
described later. These changes provide increased 
services to the end-user. There are some other changes 
which incorporate the recently refined concepts of the 
OSI application layer, but in general these changes 
affect the internal specification of the services and 
protocols of Message Handling without being visible 
to the end-user. 


X.400 MODEL AND SERVICES 

The X.400 standards provide for the 
interconnection of store-and-forward mail systems by 
defining Application Layer protocols to be used 
between the systems involved [4] and it also provides 
facilities for the storage of messages. X.400 provides 
facilities which guarantee that a message is transferred 


reliably, ie. it provides the guaranteed delivery of 
messages despite any underlying network problems. 
This is known as the Reliable Transfer Service (RTS) 
and makes X.400 suitable for use in a wide range of 
applications. 

The X.400 model of a messaging system allows a 
clean division of the functionality between the various 
parts of the system. This model, shown in Figure 1, 
comprises four basic entitites. The entity with which 
the end user of the messaging system interacts is called 
a User Agent (UA). It assists its user with the 
preparation and display of messages, and also submits 
and receives messages on behalf of the user. The entity 
responsible for routing the user's message to its 
destination is known as a Message Transfer Agent 
(MTA). The MTA serving as a message switch is 
analogous to a Post Office. It sorts and forwards 
messages (ie. enveloped letters) to other MTAs (ie. Post 
Offices) which collectively cooperate to reliably deliver 
the mail. 


OTHER 
TELEMATIC 
SERVICES 


MTA 


| MTA 


MESSAGE TRANSFER 
SERVICE 


INTERPERSONAL MESSAGING 


Fig. | — The Message Handling Environment 


The third entity, called Message Store (MS), is used 
by the user whose UA is located at a site remote from 
the MTA. The MS provides storage for the user's 
messages and accepts delivery of messages from the 
MTA (analogous to a Post Office Box). It is one of the 
new 1988 features which is necessary to overcome 
problems with stand-alone (as opposed to network 
provided) User Agents such as limited storage capacity 
for large messages and delivery failures caused by UA 
failure. A message is delivered as soon as it reaches 
the Message Transfer Agent to which the recipient's UA 
is connected. That MTA will deliver the message to the 
recipient's UA or MS, depending on the services the 
recipient has requested. 

There is also an Access Unit which provides for 
interworking between the X.400 service and other 
telecommunications services such as Telex and Teletex. 

The X.400 architecture has been designed to 
provide two distinct services: the Message Transfer 
Service (MTS) and the Interpersonal Messaging Service 
(IPMS). 
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Message Transfer Service 

The network of message switches cooperate to 
reliably transfer Messages contained in an “envelope” 
to the recipient's UA or Message Store. It is the 
cooperative action of this network of MTAs which 
provides the Message Transfer Service (MTS) (ie. the 
confirmed delivery of messages) which the UAs can 
utilise to provide end-user services. Through the 
message enveloping technique, the MTS can serve as 
a generic store-and-forward “Application Transport’ 
service. This means the MTS can transfer transparently 
any information type (eg. text, image or speech), 
represented in any format for whatever applications, 
as long as it is contained in a properly addressed 
envelope. From the perspective of a service provider 
such as Telecom, the identification of the MTS as a 
distinct service is important because it can form a 
generic messaging infrastructure on which other 
services may be built in the future. Once a backbone 
Message Transfer Service is available, it will be possible 
to more quickly provide new value added services. In 
the future other services may be defined which will use 
the X.400 MTS, for example the exchange of structured 
documents such as business transactions or for 
electronic funds transfer. 

The ability of the MTS to transfer messages 
containing a mixture of information types implies that 
a multiplicity of terminal types may be connected to 
this service. As a consequence, the X.400 standards 
also define a range of conversion facilities for some of 
these different information types so as to allow 
maximum connectivity between different terminal 
types. For example, X.400 allows for a Telex user to 
send a message through an X.400 system which may 
be delivered to a user with a Teletex terminal. In the 
future it will be possible for an X.400 user with a text 
terminal to send a message to a user with only a 
telephone by use of an appropriate text-to-speech 
conversion unit. 

The routing of a message through a network of 
message switches is accomplished by examining the 
Address specified in the envelope of the message. 
Delivery of a message to its address is a part of the 
Message Transfer Service, as is notification of the 
success or failure of delivery to the originator. 


Interpersonal Messaging Service 

It is possible to provide many different services 
which use the MTS. One such service specified by the 
X.400 standards [I] is known as the Interpersonal 
Messaging Service (IPMS). The IPMS provides for the 
verified transfer of interpersonal messages between the 
human users of the system with a rich set of mail system 
facilities such as receipt and non-receipt notification, 
expiry date, subject and reply-request. 

The user-oriented information such as the typical 
“To: “CC:" “From:” and “Date:” indications, which are 


typically used in office memoranda, are carried in the 
header of the Interpersonal Message. The 
interpersonal message is then placed in a MTS 
envelope and is transported to its destination by the 
Message Transfer Service. This structure is illustrated 
in Figure 2. 


HEADER 
From : |. Brown 
To : J.Smith 
CC : Manager, Marketing 
Subj : Planning meeting 


CONTENT 
Interpersonal 
Message 


BODY 
Jim, 
This is a reminder of the 
meeting on Wednesday. Be 
sure to bring the monthly 
reports 
Regards 
lan 


From : |. Brown 
To : J. Smith 


Fig. 2 — Message Structure 


The originator of an Interpersonal message may 
request a Receipt Notification which provides an 
indication when the IP-message has been received by 
the recipient. The Receipt Notification does not provide 
a guarantee that the recipient has actually read the 
message. 


User Features 

Although the MTS and IPMS are distinct services, 
the IPMS makes use of the features of the MTS. There 
are a number of features of the Message Transfer 
Service which are made directly available to the user 
of the IPMS: 

@ The originator of a message may request that a 
Delivery Notification be returned to inform him 
that the message has been delivered into the 
recipient's mailbox, ie. a safe place where the 
message is held for the recipient until it is read. A 
Non-Delivery Notification may be returned if the 
messaging system is unable to deliver the message. 

@ The user may send a Probe (a message envelope 
with no content) in order to determine if the address 
is correct. This feature is intended to be a short term 
solution which will be superceded by the 
development of an interconnected Directory system. 

- The Directory is another OSI application which is 

described in [5]. 

@ Users who are temporarily absent from their place 
of work may request that their messages be re- 
directed to another user. 

There are many other services which make the 
X.400 services very versatile and feature-rich. This 
allows X.400 to be applied in a variety of applications 
beyond interpersonal messaging. 
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Enhanced Features 

Some of the enhanced features which will be 
available in post 1988 X.400 systems are explained 
below. 

One of these features is support for Distribution 
Lists within the messaging system. This allows a user 
to direct a message not to an individual, but to a list 
of names with the messaging system taking care of 
expanding the list for the user. Furthermore, a 
Distribution List may contain other Distribution Lists 
as well as individual's names; this is referred to as a 
nested Distribution List. The management of 
Distribution Lists can be greatly assisted by the use of 
the Directory [5]. 

Users may be addressed by means of their 
Directory Name rather than their Originator/Recipient 
(O/R) Name as in the 1984 standard. Unlike an O/R 
Name which is a set of attributes identifying the user, 
some of which may be cryptic strings, a Directory Name 
consists of available information such as the user's 
personal name and organisation. This form of name 
will be much easier for users to handle and remember. 
This mapping from Directory Name to O/R Name 
(message handling address) is accomplished by means 
of the Directory. It is possible for both the User Agent 
and the Message Transfer Agent to make direct use of 
the services of the Directory. 

Messages may be delivered to non-users of the 
X.400 system as a means is provided for such messages 
to be physically rendered (printed) and then delivered 
by means of a physical postal system. Features such 
as this and secure messaging (data confidentially) will 
make X.400-based systems attractive to business users. 

Thus the overall service that the user of an X.400 
system sees is the reliable transfer of messages, with 
a wide range of user features, to other users on any 
connected X.400 system. Since some MTAs may be 
provided by administrations such as Telecom while 
others may be private, X.400 supports the 
interconnection of private electronic mail and office 
automation systems. With the certain development of 
gateways into non-X.400 messaging systems such as 
IBM's SNA-based DISOSS, X.400 will ultimately 
facilitate connection to any public or private electronic 
mail system in the world as illustrated in Figure 3. 


COUNTRY B 


PUBLIC 
X.400 


GATEWAY J 


— ee 


COUNTRY A 


PUBLIC X.400 
DOMAIN 


PRIVATE X.400 PRIVATE X.400 
DOMAIN DOMAIN 


—— «.400 Interconnection Protocol 


PROPRIETARY ELECTRONIC 
MAIL SYSTEM 


Fig. 3 — Interconnection of Electronic Mail Systems 


IMPLEMENTATIONS 

Although the X.400 standard was first published in 
1984 (CCITT Red Book), the first commercial 
implementations are just starting to appear now. There 
were a number of experimental implementations 
around 1984/5 such as the Canadian EAN system and 
in-house systems such as that developed by the KDD 
in Japan. Perhaps the most notable of these early 
implementation was the University of British Columbia's 
EAN system. The EAN system was commercialised by 
Sydney Development Corporation which has been 
selling X.400 software in OEM form since 1985. 
Sydney's Messenger 400 product has achieved wide 
acceptance and is in fact the basis of some other 
vendor's X.400 offerings. 

The major computer vendors took longer to 
develop X.400 products. DEC released their VAX-based 
X.400 product in June 1986. IBM have announced that 
they will release an X.400 MTA product on their 
mainframe environment (MVS) from September, 1988. 
Almost all other computer vendors have either released 
products, demonstrated trial systems or made 
commitments to X.400. The importance of this is that 
these products from different vendors are all able to 
work with each other as was demonstrated at the Multi- 
Vendor X.400 Interworking Trial at Hanover in March 
1987, involving two administrations and twelve 
computer vendors. 

The other companies with a stake in X.400 are the 
electronic mail system vendors such as Dialcom and 
Telenet. At the time of writing, Dialcom have 
announced and are testing their X.400 implementation 
(MAIL 400) and Telenet have released their X.400 
product. Both of these products are essentially 
upgrades to the existing electronic mail systems which 
allow them to communicate with other systems via the 
X.400 intersystem protocol. They have both been 
designed to minimise the impact on the end-user. 

Now that X.400 is finally achieving a wider 
acceptance in the market place a number of smaller 
software companies such as Retix and Omnicom are 
now selling software in the form of “building blocks’ 
for X.400 and other OSI layers such as Session and 
Transport. It is expected that there will be a large 
number of sources for X.400 software in the future. 

The first commercial implementations of the 1988 
X.400 standard (Blue Book) are expected to appear 
around 1989/90. 


APPLICATIONS 

The most visible service provided by an X.400 
system is, of course, the Interpersonal Messaging 
Service explained earlier. The widespread availability 
of this service that will occur through organisations 
running X.400 software on their in-house computer 
systems is expected to change patterns of inter- 
corporate communications and ultimately ways of 
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doing business. A widely available X.400 service is 
likely to have a considerable impact in the future on 
the demand for Telex services as it will provide more 
features, faster and more convenient transmission than 
the aging Telex service. A further advantage of X.400 
is that it allows for interworking with a range of other 
services such as Telex, Teletex and facsimile and, more 
importantly, can provide for messages which contain 
not only text but also encoded images integrated within 
the message. 

The real promise of X.400's ability to handle 
multiple information types will be realised when the 
Office Document Architecture (ODA) standards [6] 
being developed by ISO are integrated with X.400. ODA 
provides facilities for handling structured revisable 
documents which contain both text and images (future 
extensions will include digitized voice, business 
graphics and video pictures together with the schemes 
for filing and retrieval of these documents). Such 
documents are meant to provide an electronic form of 
a typical business reports which requires graphics and 
photographic images to be integrated within the text. 
ODA is likely to find widest application in such areas 
as electronic publishing/library systems, medical record 
storage and distribution systems, distributed CAD/CAM 
design systems, etc. Integrating ODA with X.400 will 
substantially enhance the value of X.400 systems to the 
end users. 

As well as the Interpersonal Messaging Service, the 
flexibility of X.400 allows for many other services. The 
long term future for X.400 systems is to provide a 
message transfer infrastructure upon which other value 
added services (VASs) may be built. An example is 
Electronic Data Interchange (EDI) which involves the 
transfer of business documents (orders, invoices, etc) 
in a structured form via a store-and-forward messaging 
system. X.400 systems could also provide for 
distributed computer conferences, ie. a distributed 
version of the more familiar bulletin board systems 
available on many time-sharing systems. These 
applications will be studied by CCITT during the 
1989-92 Study Period. 


IMPACTS ON TELECOMMUNICATIONS 

The advent of a public X.400 message transfer 
service is likely to revolutionise existing electronic mail 
networks. Currently there are a number of loosely 
coupled networks in the academic and research 
domains which utilise telephony or packet switched 
networks for communications. These networks also 
have numerous addressing schemes, some based on 
explicit routing. Because X.400 provides both a route- 
independent addressing scheme and a standardised 
interconnection protocol it is likely to provide the 
catalyst for the interconnection of these Research 
networks. 

The upgrade of the Telecom/OTC KeyLink product to 


support the X.400 protocols will allow it to connect to 
a much wider range of nonTelecom/OTC messaging 
systems. This will encourage more widespread use of 
electronic messaging in the business community. 
Eventually, a superior service may be provided, 
because of the capabilities of X.400 to interwork with 
existing communications services such as Telex, Teletex, 
Videotex and facsimile. 

The future directions for communications 
companies worldwide are to provide value added 
services (VASs) as well as traditional network services. 
Once an X.400 messaging infrastructure is in place a 
range of other value added services such as EDI can 
be built on it. 

Many companies already depend heavily on Office 
Automation systems for their internal communications. 

When inter-company messaging becomes as 
convenient as intra-company messaging it is likely that 
there will be a substantially increased use of this 
technology as a way of doing business. This change 
will be further facilitated by the provision of specialised 
services such as EDI which are able to exploit the 
investment in providing an in-house X.400 
communications capability. Using X.400, it will be just 
as convenient to interact with another company on the 
other side of the world as it will be to interact with the 
company in the same city. This will have impact on the 
patterns of business communications, and thus trading 
relationships. Eventually, electronic messaging will 
become as ubiquitous as the telephone service is today. 

X.400 is a prime example of the convergence 
between computer and communications technologies. 
This revolutionary change in the communications 
business will open up the possibilities of many new 
services in the future. 


CONCLUSION 

The X.400 standards provide a framework for 
integration of private Office Automation systems along 
with public electronic mail systems into a widely 
available messaging network. The worldwide 
acceptance of the X.400 standard is unquestioned 
because of its support by both Telecommunications 
administrations as well as all major computer vendors. 
Many organizations worldwide have either introduced 
or plan to introduce the 1984 X.400 service to their 
users. The emergence of this global store-and-forward 
communications network will have a substantial impact 
on inter-organisation communication patters in the near 
future. 

From the service providers’ perspective, the 
strength of X.400 lies in the generic “Application 
Transport” service it offers. This allows a range of future 
value added services to be built on the foundations 
of X.400. Indeed, the future enhancements of the X.400 
standards will focus on defining new VAS applications 
which. will form the cornerstone of the Information 
Society of the 21st Century. 
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Trunk Network 
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An earlier version of this paper was presented at the 1986 International Telecommunications Energy 
Conference (INTELEC) in Toronto. This paper describes new developments in power system technology 
and how they have been introduced to meet the requirements of intercapital optical fibre trunk 
systems. 


planned for completion by 1990. Figure 1 shows major 
optical fibre trunk routes planned for installation up to 
the year 2000. Telecom Australia is well acquainted with 
meeting the power needs of telecommunications sites 
in remote, inhospitable regions (1). Mains power is used 
wherever possible, but when not available, diesel, solar, 
wind or Closed Circuit Vapour Turbine (CCVT) options 
have been used in the past to power radio repeater 
systems. Optical fibre systems have a unique set of 


INTRODUCTION 

Telecom Australia is well advanced in a plan to 
interconnect selected Australian mainland capital cities 
with a long distance trunk network of optical fibre 
systems. The first major optical fibre trunk project was 
the installation of an 8 fibre single mode cable between 
Darwin and Katherine (330 km) in the Northern 
Territory. This was followed by a 30 fibre system linking 


Melbourne and Sydney over a distance of 960 
kilometres. Other major optical fibre trunk routes, 
Adelaide to Darwin (2037 km), Adelaide to Perth (2062 
km) and Adelaide to Brisbane (2087 km) have been 


constraints which affect the power aspects. These 
constraints have resulted, with the aid of new 
technology, in a new approach to telecommunications 
power systems. 
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OPTICAL FIBRE SYSTEM POWER 
REQUIREMENTS 

In July 1985, Telecom placed contracts with NEC, 
Plessey and Siemens for the supply of 140 and 565 
Mbit/s optical fibre transmission equipment. One 565 
Mbit/s bearer is capable of carrying 7680 speech 
channels. It is expected that 565 Mbit/s systems will be 
used on trunk routes up to 1994. At this stage, 140 
Mbit/s transmission equipment consumes 28 W per 
bearer plus an orderwire requirement of 15 W. Each 
bearer requires two fibres. Present 565 Mbit/s 
equipment consume a total of 42 W per bearer. The 
power consumption of the new generation 565 Mbit/s 
equipment is expected to be 40 W per repeater. The 
largest capacity system will use 42 fibres. The ultimate 
power requirements at such sites will be: 

42/2 x 40 = 840 Watts 

In contrast with the practice of power feeding along 
coaxial cable system, the optical fibre repeaters will be 
provided with power at each site resulting in significant 
savings in cable cost. The transmission equipment 
operates from a nominal 48V dc supply (Positive earth) 
with an operating range of 36 to 60 volts. Current 
repeater spacings are approximately 67 km for 140 
Mbit/s systems and 50 km for 565 Mbit/s systems. 


MAINS POWERED SITES 

As mains power is available at all repeater sites 
along the Melbourne-Sydney system, a rectifier/battery 
system is used to power the optical fibre repeater. 
Because space is limited in the existing shelters 
(housing the existing co-axial cable system), a new 
approach to rectifier/battery systems was required. This 
approach is somewhat similar to the British Telecom 
Power Equipment Rack (PER) except that the Australian 
system, the Rack Power System, has been designed for 
confined space and dedicated small compact 
applications. 


Rack Power Systems 

New developments in power technology such as 
switched mode rectifiers and sealed recombination 
batteries have allowed power systems to be 
conveniently packaged in a modular form. The Rack 
Power System (RPS) utilizes these advantages and the 
concept was developed by Telecom Australia for a wide 
range of applications and is being introduced for the 
first time on optical fibre systems. Figure 2 shows RPS 
components. The RPS consists of rectifier, battery and 
distribution modules housed in a 483 mm (19 inch) rack 
system having overall dimensions of 2000 x 600 x 300 
mm. The RPS is also available in other sizes to meet 
a wide range of applications. Telecom placed a 
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contract in September 1985 with LM Ericsson for the 
supply of Rack Power Systems for the Melbourne- 
Sydney System. 


Switched Mode Rectifiers 

The RPS uses switched mode rectifiers which are 
smaller and lighter than similar rating thyristor phase 
controlled devices. Switching frequencies in excess of 
25KHz allow the sizes of the electromagnetic 
components to be considerably reduced. The rectifiers 
are supplied as 48V IOA modules, however 25A 
versions have been developed for other applications. 
The rectifiers are designed to operate in parallel and 
usually one redundant rectifier is provided. This 
arrangement simplifies maintenance because a faulty 
rectifier can easily be replaced. Efficiencies in excess 
of 85% can be achieved using switched mode 
conversion techniques. While the direct rectification 
and filtering of the mains input results in poor input 
power factors, the use of preregulation techniques can 
result in input power factors better than 0.9. Advanced 
filtering and shielding techniques are required to ensure 
that Electromagnetic Radiation levels are within 
acceptable limits. Figure 3 shows the LM Ericsson RPS 
to be installed on the Melbourne-Sydney System. The 
rectifiers use a boost converter operating at 35KHz 
followed by a half bridge circuit using MOSFET 
transistors operating at 40KHz. The battery modules 
consist of either Tungstone 12C48 or Gates SBS40 
batteries. 


Recombination Batteries 
The availability of recombination lead-acid batteries 

in a wide range of capacities is having a significant 

impact on power system design. Figure 4 shows the 
cross section of a typical recombination battery. Being 
sealed, and having eliminated free acid and hydrogen 
evolution, these batteries can be conveniently 
packaged with rectifiers and can be operated even in 
an office environment. The introduction of these 
batteries has not been without problems. Telecom 

Australia tests showed evidence of cases splitting under 

pressure and leakage of excess electrolyte. However, 

these are regarded as manufacturing teething problems 

which are now being overcome. Some of the major 

issues affecting recombination batteries are as follows: 

® These batteries are very susceptible to deterioration 
when in the discharged state for an extended period. 
This is apparently a result of dendritic growth 
bridging the closely spaced plates. 

@® The recommended charging voltage must be closely 
observed, otherwise overcharging will result in 
irreplaceable loss of electrolyte. 

® Most Telecom Australia equipment operates with 24 
cell systems operating at 2.2 volts/cell. The 
requirement for 2.25 volts/cell will result in 
equipment voltage limits being exceeded. 


Fig. 3 — Rack Power System. 


@ The service life of most of these batteries is 
estimated to be 10 years under float conditions. This 
is less than the service life that can be achieved with 
flooded cells. 

@ Measurement of battery state of charge is very 
difficult. Open circuit voltage can give an 
approximate indication, but the battery must be 
disconnected from service for a period of up to 24 
hours. A simple test has been devised where the 
battery voltage is monitored under a short term 
discharge, this is likely to be the forerunner of more 
sophisticated testing methods. 
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The above problems are considered to be out- 
weighed by the considerable advantages offered by 
recombination batteries. Our evaluation has given us 
confidence to introduce these batteries for a wide 
range of constant potential float applications. These 
batteries are presently being purchased as part of the 
Rack Power System and as individual components. 


Reliability Considerations 

To meet the stringent availability requirements of 
a major trunk system, a number of inherent factors are 
built into the power system design to ensure high 
reliability. At least one redundant rectifier module is 
provided so that a rectifier failure will not jeopardise 
the system. On a system such as the one between 
Melbourne and Sydney, which is located along a sealed 
highway near populated regions, a 16 hour battery 
reserve is provided. Mains powered systems in more 
remote regions of Australia are likely to require reserves 
of up to 24 hours. 


System Operation 

Typical system operating voltages are shown in 
Figure 5. A float voltage of 54V is required because 
of the 2.25 Volts/cell requirement of the batteries which 
are operated as a 24 cell system. A requirement for 
wide equipment operating limits of 40 to 60 Volts was 
specified early in the system design phase. The 
distribution module provides 6 fused power feeds, 
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voltage and current monitoring and alarm extension 
facilities by means of voltage-free changeover contacts. 
An option for battery condition monitoring is also 
provided. At intervals of several months, the Battery 
Condition Monitor (BCM) disables the rectifiers for a 
period of approximately 10 minutes. During this period 
when the constant load is supplied by the batteries, 
the system voltage is monitored. If the battery voltage 
falls below a preset limit, the rectifiers are reconnected 
and an alarm is raised. 


Solar Power System Costs 
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Fig. 6. 


SOLAR POWERED SITES 

Telecom Australia’s experience in using 
photovoltaics for remote area telecommunications over 
the last 10 years is well documented (2). A photovoltaic 
system designed to support a 200 W average load will 
cost approximately $52,000 including shelters. Fig. 6 
shows solar power system installed costs over the range 
100 to 300 Watts. The economic limit for the use of 
solar at remote sites has generally been 300 W, however 
with decreasing solar module costs over recent years, 
the upper limit is more likely to be approximately 500 
Watts. Solar power is a suitable option for remote 
optical fibre repeaters, however there are new 
constraints. As many of these sites are located along 
the road reserve, there is concern regarding theft and 
vandalism of solar modules. On these sites, the solar 
modules are mounted on a pole mounted array frame 
at a height of 7 metres. A rear metal plate is provided 
to protect the modules against bullets. The mast is 
hinged at the base, therefore access to the modules 
can be gained by tilting the mast to ground level using 
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a portable hydraulic device. Fig. 7 shows a typical site 
layout. 
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Fig. 7. 


Solar Modules 

The annual requirements of Telecom Australia have 
increased to a level of 350 kw peak in the 87/88 
financial year. The type of module used has been a 12V 
37 W peak monocrystalline, laminated panel 
manufactured by two Australian manufacturers, Solarex 
and BP Solar. Telecom Australia has seen photovoltaic 
costs substantially reduce over the last 10 years to 
present values of approximately AS$7/W_ peak. 
Polycrystalline modules are presently being introduced 
to take advantage of cost savings and better space 
utilization. Amorphous technology is emerging with 
promises of prices as low as $2/W peak in future years. 


Batteries 
Solar powered sites installed by Telecom Australia 
use the same type of batteries designed for float duty 
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in telephone exchanges which are of a pasted plate 
construction. The positive plates are constructed of 
pure lead and the negative plates consist of an 
antimonial lead alloy. Based on experience obtained 
with systems installed since 1978, a service life of 
approximately 8 years is expected under solar duty. 
Our experience shows that plate growth will be the 
predominant failure mechanism. 

In recent years, a range of batteries designed 
specifically for solar duty have become available. These 
batteries are designed for a longer service life and 
superior cycling ability than the conventional stand-by 
battery. These features can allow a photovoltaic system 
to be designed using a much smaller battery reserve 
resulting in reduced system cost. Examples of solar 
batteries include the P-Series lead-acid battery 
manufactured by BP Solar and the Sab-Nife Sunica 
nickel-cadmium battery. 


System Design and Operation 

The solar array provides power to the load and 
battery via a control and distribution cubicle. The 
control and distribution cubicle provides all metering, 
switching, regulating and alarm facilities. Regulation of 
the battery voltage is achieved by switching module 
groups within the solar array. Figure 8 shows the typical 
daily variation of battery voltage. Traditional design 
used by Telecom Australia has called for a 10 day 
battery reserve. By using computer simulation methods 
in conjunction with local solar radiation data, an array 


size is determined to ensure that the battery reserve 
does not drop below 50% of its nominal rating. The 
required array size can be typcially 7 times the average 
load in a location such as Alice Springs. Recent studies 
conducted by Telecom Research Laboratories have 
shown that a more economical system design can be 
achieved by reducing the battery reserve and increasing 
the array size. These studies show that with an 
increased array size, the battery reserve can be reduced 
as low as 5 to 6 days without a reduction in system 
availability. While power system designers are generally 
reluctant to reduce the battery reserve, this sizing 
method is very attractive where space for batteries is 
limited. 


SHELTERS 

Optical fibre transmission equipment will be 
housed in underground chambers at remote locations. 
This approach has been very successful for radio 
systems as a means of limiting temperature rise of the 
equipment without the need of air conditioning. Some 
form of superstructure is also needed as a convenient 
means of gaining access to the underground tank and 
for accommodating power equipment. A modified 
shipping container with a floor aperture has been used 
for this purpose in the past. As many of these sites will 
be located along road reserves, a more aesthetically 
pleasing above-ground shelter was required. The 
solution finally adopted was a steel structure clad in 
Glass Reinforced Cement (GRC). The GRC panels are 
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formed as a single skin, 10 to 12 mm thick, and have 
an applied maintenance free finish of granulated 
marble. These finishes are available in a variety of 
colours. The GRC material has high impact strength and 
its weight is a fraction that of concrete. The GRC panels 
have high resistance to corrosion, vermin and fire and 
can be easily repaired on site, if damaged. Since the 
GRC material can be easily moulded, an architectural 
design may be realised to provide an environmentally 
attractive building. The GRC shelter can be supplied 
fully assembled or in kit form. The shelter measures 
3m x 3m x 3m and is positioned over the 2.4 m 
diameter steel underground shelter with internal access 
through a conning tower. The first of these shelters, 
manufactured by Minesco Industries, were delivered in 
October 1985 for the Darwin-Katherine system. More 
than 60 of these shelters have subsequently been 
ordered. The solution using a GRC shelter above an 
underground tank has found general acceptance for 
remote applications. Other designs including a brick 
construction or box culverts will also be used 
depending on local conditions. The difficulties in 
arriving at a universally accepted shelter should not be 
underestimated. 


CONCLUSION 
The optical fibre trunk network is one example of 
many telecommunications systems with special power 
requirements. In recent years with the rapid expansion 
of telecommunications services it has become apparent 
that power systems require the following characteristics: 
@ High Flexibility 
® Low provisioning lead times 
@ Low installation and maintenance requirements 
This development of a standard range of modular 
power building blocks can allow a quick response to 
the power needs of many major telecommunications 
projects. 
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Digital Performance Monitoring 
Systems 


M. Bastock, A. Miles 


Digital Performance Monitoring Systems (DPMS) have been developed and are being introduced into 
the Australian Telecommunications Network to specifically meet Telecom Australia’s need for 
computer controlled transmission performance surveillance on the transmission links in the digital 
network. The introduction of the DPMS will provide Telecom Australia with the means of detecting 
and reporting performance related faults and so enabling fast and efficient after sales service to 
customers who use the Digital Data Service, Austpac or ISDN. This article describes the Digital 
Performance Monitoring Systems, their integration with other alarm and test facilities along with 


the benefits over existing monitoring methods. 


UNDERSTANDING THE NEED 

“Corporations in Australia face increasing pressure 
to perform in the local and international market place. 
Increasing competition means businesses need to 
reduce costs, put new technology to work, and develop 
new products and services to deliver to their 
customers.” [1] 

So it is with the telecommunications provider. When 
businesses are in need of “faster, better, more reliable’ 
communication facilities, to enable them to respond 
to their customer needs, then it is the challenge of all 
telecommunications providers to meet this need. 

The demand for computer services provided via the 
telecommunications network has been increasing 
rapidly. For example; digital data services are at present 
increasing by 45% in 1986/87 and are predicted to 
increase by 40% in 1987/88 [2]. Data protocols carried 
by the network are often block structured, where even 
a small number of bits in errors can severely effect 
transmission efficiency due to the requirement for block 
retransmission. For the above reasons, every element 
of the telecommunications network must perform to 
standards which will not cause degradation of the 
particular services using it. 

In the telecommunications network, data services, 
including Digital Data Services, Packet Switched 
Services and leased data services, share with telephony 
services, common digital transmission bearers and 
links. Such links range in capacity from 2 Mbit/s to 140 
Mbit/s. The performance of such digital transmission 
systems must therefore be monitored to give a measure 
of integrity to the data services which form part of the 
carried traffic. 

This paper describes a new means to monitor the 
transmission performance of digital transmission links 
in the Telecom network; the Digital Performance 
Monitoring Systems (DPMS). 


DPMS POSITION WITHIN THE NETWORK 

Within the Australian Telecommunications Network 
there is an array of alarm and performance monitoring 
systems. These can be categorised into equipment, 


building, supervisory alarms and performance 
monitoring systems. 

Equipment Alarms. Equipment Alarms are 
provided on all transmission and switching equipment 
in a variety of forms. They can include a visual (lamp) 
indication or be extended, via a relay, to provide rack, 
suite or location, urgent/non urgent audible alarms. 
Telecom Australia currently have, or plan to have in the 
future, systems for collecting these alarms and 
displaying them at appropriate locations (such as after 
hours centers & major line section control centers), via 
an Alarm Management System (AMS). Once installed 
any alarm present within the telecommunications 
network can be presented comprehensively to 
maintenance personnel! enabling restoration of the 
service in the most efficient manner. 

Building Alarms. Building Alarms are provided in 
a similar manner to the equipment alarms in that they 
are generated by relay closures. These alarms provide 
information which relates to the condition of a building 
and equipment other than transmission or switching 
equipment. Building security, power plant and air 
conditioning plant are covered by these alarms. 

Supervisory Alarms. Supervisory Alarms are 
provided on line transmission equipment to enable the 
transportation of repeater alarm conditions to the line 
terminal equipment. This type of alarm facility is 
provided on all radio, coaxial and optical line systems. 
The actual facilities provided depend on the equipment 
manufacturer. Access to these alarms is provided via 
a numeric/alpha numeric display, lamp and/or relay 
contacts. These alarms can be viewed at the line 
terminal equipment or be extended to a central 
location, via an Alarm Management System. 

Performance Monitoring System. Performance 
Monitoring Systems are provided on both transmission 
and switching equipment. While alarm conditions 
provide information relating to fault conditions there 
is aneed for additional information which can provide 
data, both long and short term, on overall network 
status and survivability. Performance monitoring 
systems provide this facility. In the switching arena 
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information is provided on congestion, while in the 
transmission arena information is available on link 
continuity, noise and bit error rates. Currently, a variety 
of systems provide this data. However, in the future this 
data will be collected and presented, in a uniform 
manner, at strategic locations. 

Figure | shows a typical digital network connection 
between two customers and the different classes of 
available alarm and performance monitoring systems. 
The drawing shows one radio line section which has 
digital performance monitoring equipment on each 
repeater section. Optical fibre and coaxial cable line 
sections do not currently have performance monitoring 
equipment on each repeater section. An analogue 
network connection would have similar facilities but 


would not provide the performance monitoring facility 
on the radio repeater sections. 


NETWORK CONFIGURATION 

The flexibility of the DPM allows for a variety of 
network monitoring configurations. These can include 
stand alone, star connected networks and mesh 
connected networks. Telecom Australia will start with 
a central site in each capital city with their remote 
slaves. [See Fig. 2 — Network Configuration.] 


BENEFITS 

Telecom Australia sees the Digital Performance 
Monitoring Systems’ ability to provide a cost effective 
solution to digital monitoring over existing methods as 
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its prime benefit. This includes its ability to: 

Act as a long term service performance indicator. 
Give real time error performance. 

Provide testing of individual customers down to 2 
Mbitis. 

Perform both in-service and out-of-service 
measurements to agreed international standards. 
Sectionalise bearers to locate difficult faults. 
Provide continuous or on demand monitoring of 
remote or unstaffed stations. 

Fully utilise digital bit stream to carry traffic rather 
than utilising capacity for monitoring. 

Determine priorities for the maintenance dollar. 
Provide early warning (before customer) of 
performance degradation. 


Xe + FHS 


x 


% X 


DPMS SYSTEM OVERVIEW 

Hardware 

The DPMS consist of two completely separate systems: 
the Digital Performance Monitor (DPM) and the Remote 


Access Digital Monitoring System (RADMS). Whilst both 
systems utilise the same fundamental monitoring 
technique; the DPM is multi-tasking having the capacity 
to monitor up to 400 bearers simultaneously, and the 
RADMS is single-tasking having the capacity to monitor 
only one bearer at a time. The RADMS, however, is 
designed to be able to conduct “out-of-service’’ 
measurements as an addition to its in-service 
monitoring capability so making it an ideal fault locating 
tool. For simplicity and brevity this article only refers 
to the DPM; the same facilities are provided by the 
RADMS. 


Operation 

Under computer control the DPM automatically scans 
all Frame Alignment Signal (FAS) error monitors at a 
minimum interval of one second and the results are 
stored for subsequent processing. The stored data is 
used to generate Exception, Daily, Period and Annual 
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reports in addition to several special summary reports 
that are available upon request. 


Connection to the Network 

The FAS Error Monitors, which are rack mounted 
in the equipment room, are connected to the digital 
transmission network at the respective DDF points 
through isolated monitoring points. The workstation, 
which is located in the Operations Center, is fully 
integrated and purpose designed. It consists of a desk, 
VDU and printer with the CPU, disk drive, tape back- 
up and communications hardware built into the desk 
design. [See Fig. 3 — DPM Connection to Network.] 


Monitoring Units 

There are three monitoring options, one for each 
of the transmission rates. Apart from the transmission 
rates all other card functions are identical. The other 
functions are; cable termination, cable equalisation, 
signal amplification, detection of alarm indication signal 
(AIS), detection of remote alarm, detection of errors 
within the FAS and storage of error counts for a period 
of up to one second. 


Console 

The console is used by the monitoring system 
operator to perform all system maintenance and 
configuration requirements. These include initial 


software loading, setting of all default values, 
communication port configuration, archiving of 
performance data and the generation of specific 
performance reports. 


Data Storage 

The DPM has the ability to store. on line, all 
monitored data for a period of up to one year and a 
permanent storage of all data via tape backup. 


Software Facilities 

The system software has as its primary function the 
massaging of the information from the error counters 
and the generation of output reports. As a secondary 
function the software also performs system master 
console and communications tasks. 

In addition to its primary and secondary functions 
the software provides for: 

Automatic Start. Once the hardware components 
have been interconnected and power applied the 
software automatically loads the required programs to 
bring up an operator controlled “menu” on the screen. 

Menu Operation. Al! system functions are menu 
driven with maximum use made of default values. 

Hardware Test. A hardware test is provided, under 
software control, to check for correct operation of 
computer components, peripherals and connecting 
cables. 
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Fig. 3 — DPM Connection to Network 
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all active bearers under test for a user defined period the Digital Transmission Network thus enabling fast and 
of time. The results are ‘total errors’ for each of the efficient after sales service to customers: especially 
measurement parameters. Only user demanded output those who use the Digital Data Service, AUSTPAC or 
is available. ISDN. 


Exception Report. The Exception Report contains 
only short term results of a particular active bearer PERFORMANCE MONITORING 
under test and by default is generated automatically. ALTERNATIVES 
The output identifies only the type of error that is out 


of limits. Out of Service Monitoring 
Explanatory Notes on Period Reports: The conventional method employed by Telecom 

[See Fig. 5 — Sample Report} Australia to effect error performance monitoring has 

|. For the Long Term % Results report, the “Totals’’ at been to inject a 2 Mbit/s pseudo-random binary 
the bottom of each column, except the AIS column, sequence into a second order digital multiplexer 
are the average result for the period of time under (2DME). The signal is then monitored for errors at the 
test. In the case of the AIS column, the Total is the remote end of the link or at the local end by applying 
arithmetic sum. a loopback at the remote end. 

2. For the Long Term Error Count report, the Totals are Recently a computer controller has been 
the arithmetic sum of each column excepting the introduced to control the test sequence and to format 
last two columns. The ‘Residual BER’ and the the output of all errors detected. Although this method 
‘Average BER’ are the average for the period under has proved useful in fault tracing and performance 
test with the totals representing the 13 period monitoring it is very expensive due to the fact that for 
average. each digital link to be monitored a complete set of test 

3. The first 5 lines of the results depict the situation equipment is required. This method is used to sample 
where the bearer was not under test. a 140 Mbit/s link via a 2 Mbit/s stream. [See Fig. 6 — 

4. Lines 6 - 7 depict typical results. Out-of-Service Monitoring. | 

5. Where no results are obtained a Full Stop is printed 
as depicted. In-Service Error Monitoring 

The most common method of in-service error 

CONCLUSION monitoring is to use line code violation detection. This 
The prime benefit to be derived from introducing method can be used for detecting any error that occurs 

the DPMS will be a significant improvement in the in a repeater section but cannot be used to generate 

performance of the digital network by enabling the end-to-end error performance statistics as specified by 
maintenance resources to be allocated where the need CCITT Recommendation G.821. This is because this 
is greatest. The DPMS will enable Telecom Australia to method does not give an effective 64 kbit/s rate and 
provide a means of detecting and reporting faults on the line code is regenerated at the repeater. 
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Fig. 6 — Out-of-Service Monitoring 
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DPM Workstation 


An alternative to line code violation detection is to 
use parity bit monitoring. An example of this would 
be to use the parity bit added to the transmission code 
at radio terminals. Again, this method cannot be used 
to directly produce CCITT Recommendation G.82] 
performance figures and even when processed through 
a conversion algorithm proves to be accurate only over 
a limited range. 

A third possibility is to use a fixed bit pattern which 
is part of the frame alignment signal word (FAS), for 


a multiplex link. This method has the advantage that 
the FAS is available along the full length of the link 
without any modification and can be used to produce 
an effective 64 kbit/s rate. This enables the production 
of all long term results as defined by CCITT 
Recommendation G.821, along with the ability to 
undertake sectionalised fault tracing. It is this method 
that is used by Telecom Australia’s Digital Performance 
Monitoring Systems (DPMS). |See Fig. 7 — Basic Digital 
Performance Monitor. 
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DIGITAL PERFORMANCE MONITORING SYSTEMS 
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Fig. 7 — Basic Digital Performance Monitor 


ABBREVIATIONS 
AIS Alarm Indication Signal 


AMS Alarm Mangement System 

AUSTPAC — Australian Packet Switched Network 

DPM Digital Performance Monitor 

DPMS Digital Performance Monitoring 
Systems 

FAS Frame Alignment Signal (Word) 

INTELLINK Telecom Australia’s proprietary 
message switch communications facility 

PAD Packet Assembler/Disassembler 

RADMS Remote Access Digital Monitoring 
System 

TMN Telecommunications Management 
Network 


Martin Bastock joined the APO in 1967 and 
spent eight years specialising in the installation 
of broadband equipment throughout South 
Australia. In 1977 he joined a Telecom 
Headquarters project team and was involved in 
the design, development and implementation of 
a computer based system for the national 
dissemination of technical information 
concerning the trunk and junction network. His 
appointment in the Network Management 
Division commenced in 1983 and he has been primarily involved 
in the specification, development and testing of surveillance systems 
for both the analogue and digital networks. As a Senior Consultant 
and representative of the United Nations International 
Telecommunications Union, Martin has assisted the Government of 
Malaysia by preparing a report and specification for an Automatic 
Measurement and Surveillance System for Jabatan Telekom Malaysia 
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Alan Miles joined Telecom Australia (then the 
Post Master Generals Department) in 1969 as a 
Technician in Training. After becoming a Technical 
Officer Grade 1, with the PMG Research 
Laboratories, he received a two year scholarship 
and completed a Bachelor of Engineering, with 
Distinction, at the Royal Melbourne Institute of 
Technology in 1979 
Over the next five years Alan made 
: contributions in the areas of Research, 
Construction, Planning and Operations. 

Alan was promoted to an Engineer Class 3 (1985) and 
subsequently to an Engineer Class 4 (1987) in Transmission Operations 
Section, Network Operations Branch, Headquarters. His principle area 
of work is currently in the design, specification and implementation 
of computer systems for the operation and maintenance of the 
telecommunications network, the DPMS being one example. 
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The History of Telephone Switching 
Technology in Australia 


This year being the bicentennial year for Australia it 
is interesting to reflect that in 1888 every capital city in 
Australia had its own magneto telephone exchange. 
Therefore, Australia has over a hundred years of telephone 
switching history, much of which has been developed to 
meet the unique requirements of a vast continent with a 
small and scattered population. The Telecommunication 
Society of Australia believes that the bicentennial 
celebrations are focusing on the traditions and history 
which have been often taken for granted in this country. 
In short, many Australians are now becoming aware of 
their heritage and contributions made by fellow 
Australians to progress and the provision of our lifestyle 
and standards of living. This is enshrined in many ways. 
So far as communications are concerned there is no better 
example than the development of the Australian 
Communications Network over the last hundred years. Mr 
A. H. Freeman has recently completed a history of 
Telephone Switching Technology in Australia as part of 
this recording of Australian achievements. 

Mr A. H. Freeman will be remembered for his 
Monograph No. 4 on “Automatic Telephony in the 
Australian Post Office’ published in 1973. Many of the 
readers of this Journal will recall the valuable information 
contained in Mr Freeman's Monograph. It became quite 
famous in developing the thinking of switching people 
from step by step systems to register control switching. 
The Monograph was particularly important because it 
explained the impact of network specifications and the 
more economic network development possible with 
register controlled systems. The development of 
subscriber trunk dialling (STD) services using crossbar 
equipment was explained in the same publication. The 
principles involved have been applied since then to 
provide Australia with an economic, effective and reliable 
network. Many of the Journal readers at that time were 
indeed appreciative of the information obtained. 

Mr Freeman was encouraged by Telecom Australia to 
compile the History of Telephone Switching Technology 
in Australia. Although he is now retired he was 
commissioned to record the developments that have been 
the substance of the vast network which now serves the 
communication needs of Australia. The 
Telecommunication Society of Australia is proud to be 
associated with this important project and proposes to 


To the General Secretary 
Telecommunication Society of Australia 
Box 4050 GPO 

MELBOURNE VIC 3001 


| am interested in purchasing a copy of Monograph No. 5 


publish a Monograph later this year as the means of 
making the information available to a wider audience. The 
monograph will consist of seven chapters complete with 
appendices and references. The chapters will cover the 
following aspects of Australia’s switching history: 
1. Network Developments to 1939 
. Switching Technology to 1939 
Network Developments 1939 to 1960 
Switching Technology 1939 to 1960 
Network Development 1960 to 1981 
Switching Technology 1960 to 198] 
Technology Principles, 
Appendices, Tables and Charts, References 
It will be seen that the subject has been divided 
between Network Developments and the corresponding 
Switching Technology. Mr Freeman has clearly 
distinguished the history from the knowledge of the 
switching technology used to implement network 
development. The manuscript is extremely interesting and 
readable. No prior knowledge or deep technical 
background is required to appreciate this treatise on this 
interesting topic. 
The monograph is currently being typeset and it 
should be available shortly. In Vol. 37 No. 3 (December 
1987) the Board of Editors invited readers interested in 
purchasing the monograph to indicate their requirements 
accordingly. The response was overwhelming. In case you 
missed the December 1987 issue or that general invitation, 
there is still time. 

The price for the Monograph has not yet been set. 
In keeping with the policy of the Society which is to 
provide members with low cost publications, negotiations 
are proceeding with various authorities wno might wish 
to share the cost of production. It is expected that the 
monograph will be available to Society members for 
approximately $5.00. A returnable coupon has been 
placed below to indicate your interest in purchasing a 
copy. Would you please send the coupon to the General 
Secretary to ensure sufficient copies are printed in the 
initial production order. 


NOW HBWHN 


(The History of Telephone Switching Technology by A.H. Freeman) 


Please print the following: 
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Urban Filled Cable and Jointing 
System in Telecom Australia 


E.H. Chui, DW. Aitken 


The extension of filled cable from the rural areas to the urban distribution part of the Customer 
Access Network was an extensive project using an overall optimal system design approach. The 
methodology used ensured that system compatibility, hardware design, practices development are 
all integrated. This paper describes the approach and methodology used by the Project Team in 
the introduction of filled cable into the urban area. 


BACKGROUND 

The present urban and rural distribution cable 
system is the result of a steady evolutionary process 
since the introduction of plastics cables in the late 
1950s. Individual improvements have been made from 
time to time as weaknesses became apparent and as 
new techniques became available eg. openable joints, 
nylon jackets, PVC pipe, connector jointing, heat shrink 
techniques, etc. 

Filled cable has been used in Telecom's rural 
network since approximately 1978, as buried 
construction for the minor trunk and junction cables, 
and for rural subscriber cables. 

The benefits of the rural filled cable were seen to 
be equally applicable to the urban network, even 
though the distribution and jointing systems were 
substantially different. It was equally clear the benefits 
accrued would be significantly greater by virtue of the 
large size of the urban network in comparison with 
rural. 

However, before the application of filled cable to 
the urban network could be put into effect, a number 
of technical, industrial and occupational health and 
safety issues had to be resolved. As a result, a field 
trial was conducted in an Operations District between 
1982-1983 during which all of these issues were put 
under close scrutiny and evaluation. 

Upon the satisfactory completion of the field trial 
and the significant amount of data obtained, together 
with the wide range of initiatives being pursued to 
improve urban and rural cable distribution systems, a 
detailed review of Telecom's future distribution network 
was undertaken. 

This article describes the review undertaken, the 
methodology developed and implemented for system 
selection for optimal performance and some details of 
the component of the actual system developed. 


REVIEW OF DEVELOPMENT IN 
DISTRIBUTION PLANT AND 
PRACTICES 

The review was conducted in 1984 to assess the 


costs and benefits of urban filled cable, the 
requirements of a preferred, integrated, cable and 
jointing system for the urban and rural networks, the 
necessary system variations to cope with special 
requirements, and identify and assess industrial issues 
and impacts arising from such a system. 


Major Findings of the Review 

1. The total distribution cable system is to be 
developed as a single, co-ordinated project using a 
systems approach, embracing all relevant aspects of 
hardware design and practices including cable, cable 
jointing and other parts of the system such as 
loading, protection and terminating equipment. In 
particular, the design of the cable and the jointing 
system are heavily interdependent, and optimal total 
system design, rather than individual component 
design, is to be achieved. 

2. All underground cable should be filled. Alternative 
filling compounds are also to be developed to 
improve working conditions after giving due 
consideration to cost, technical performance, 
handleability and occupational health aspects. 

3. The jointing system should have improved reliability 
without the need to provide further protection for 
underground situations such as filling with castable 
resins (eg. polyurethanes). As a result, thermoshrink 
materials and techniques are preferred to make the 
seal between cable sheath and joint closure. 

4. All terminals, protection components etc., should be 
insulated. 

5. Epoxy resin or similar materials should no longer 
be used, except for joints between filled and unfilled 
cable. 


System Variations 

The distribution cable system is divided into four 
subsystems in accordance with the method of 
construction and service density. 

Respective cable and joint designs to cater for the 
requirements of the various subsystems are detailed 
in Table 1. 
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yt A URBAN UNDERGROUND URBAN AERIAL RURAL UNDERGROUND RURAL AERIAL 
1% 
(i) Filled. cellular plastics (i) Unfilled, solid plastics (i) Filled, cellular plastics 
insulated design for insulated insulated, moisture 
general use. electrostatically barrier screen design 
screened integral for general use. 
bearer design 
(ii) Screened version (ii) Unscreened lead-in (ii) Filled, cellular, plastics | As for Urban Aerial 
CABLE available for reducing cable insulated unscreened 
tone electrical interference lead-in cable (0.64 
mm & 0.90 mm) 
(iii) Filled, solid plastics 
insulated, lead-in (iii) Insect and termite 
cable (0.4mm) for use resistant design also 
in urban U/G system. available for 
distribution and 
lead-ins. 
(i) Re-enterable joint for (i) On pole type joint to (i) Re-enterable joint for 
housing U/G (pit) for cater for aerial lead- housing U/G; (pit or 
straight and branch ins from U/G systems direct buried) for 
jointing. and U/G lead-in from straight and branch 
aerial systems jointing and repair 
JOINT where cable has not 
: been completely As for Urban Aerial 
CLOSURES severed. 
(ii) Openable distribution (ii) Openable distribution 
joint; also joint: also 
accommodate accommodate 
protective equipment protective equipment. 
if required. 


Table |: Plant Types and Subsystems of the Distribution Cable System. 


METHODOLOGY OF CABLE JOINT : 

SYSTEM DEVELOPMENT AND e 

SELECTION e 
Commercially available joint types and those e 

developed in house are assessed for integration into 

the overall cable and joint system. Each component in 

the system development and selection methodology e 

is in fact a selection criteria. These components are e 

briefly described below: e 


1. Preparation of User Specification 
and Assessment for Compliance e 
A User Specification is essentially a list of facilities 


requirements for satisfactory integration into 


network for installation and maintenance. 


The term User refers to network designers, 
(including installation and maintenance), 
estimating — staff, 
management of plant performance and productivity. 
The list of requirements detailed in the 
Specification therefore represent an optimised list of 


staff, 


supervisors, 


and __ staff 


attributes based on these considerations: 
@ system requirement 


® compatibility with existing and proposed plant 


the 


e 
ines e 


in the 
as 


User 


the User Specification 


Wwe: 


cost — material, labour, administrative 
productivity 

range of applications 

occupational health and safety requirements 
contribution towards greater levels of 
standardisation of methods, practices, equipment 
and training etc. 

operating environment 

expected plant life 

joint configuration, maximum, minimum sizes of 
parts/components, distribution of subscriber lead- 
in’s, branching requirements etc. 

joint accommodation — compatibility with existing 
pits and manhole sizes, number of joints, cable flow 
inside pits/manholes. 

joint capacity 

functional tests 

The User Specification is not a replacement for 


material specification which normally details items such 


dimensions, materials, manufacturing requirements, 


physical, chemical and electrical properties, inspection 
and packaging, etc. 


Each of the available joint types is assessed against 
and the strengths and 
aknesses of each type analysed. 
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2. Cost and Productivity Analysis 5. Qualitative Evaluation by Training 
Material cost — the all up cost of purchase of the and Quality Assurance Measurement 
joint type, jointing accessories, special tools etc. Officers 
Labour cost — The all inclusive cost of setting up, The criteria for selection of a standard joint type 
making the joint, and cleaning up. The cost of would be incomplete without due consideration of the 
maintenance operations, eg. ease of re-entry, etc. is also ease of training and accuracy of installation. Thus input 


of significance. from Training Instructors can identify potential practice 


problems early for rectification. Likewise, assessment 


3. Practice Evaluation by Quality Assurance Measurement Officers can 
Practices should be as independent of provide input to the design of practices to minimise 

workmanship and operator skill as possible, and the installation and service affecting defects in the field, 

result as reliable and repeatable as possible. Table 2 as well, as maximising self checking features during 

shows a matrix of the evaluation criteria applied to a product design. 

list of fifteen typical operation steps. A single score is 

calculated for each joint type and is used for ranking 6. Evaluation by Lines Staff 

purposes. 


Lines staff make up joint samples after instruction 
to determine what parts of the practice procedure are 


4. Functional Tests most skill dependent. They also provide feedback on 

All joint types are subjected to a comprehensive what practice steps can be streamlined. The samples 
range of functional tests, including tensile, flexure, made up by Lines Staff are subjected to functional tests 
alkaline ageing, accelerated ageing, temperature to determine the causes of failure and identify practice 
cycling, water pressure tests, etc. steps requiring emphasis during training. 

This series of tests is intended to reveal the likely The above methodology and selection criteria are 
performance of the joint in a field situation. Validation in fact decision packages which, when considered in 
testing is also applied on samples even after adoption total, enables the joint type with the best system 
of the joint type as standard. optimisation to be developed and selected. 

| 2 4 5 6 7 8 9 10 i} 2 3 14 15 
TYPICAL OPERATION SETTING CABLE BASE SCREEN CONDUCTOR CONDUCTOR HOUSING WATER EARTH WIRE JOINT JOINT JOINT JOINT HOUSING ASSOCIATED 
STEPS UP PREPARATION PREPARATION CONTINUITY UNITIPAIR JOINING JOINTED BLOCK ENTRY TO CLOSURE CLOSURE INTEGRITY — RE-ENTRY OF EQUIPMENT 
CABLE & CLEANING PREPARATION CONDUCTORS INSTALLATION JOINT PREPARATION TESTING JOINT 
EVALUATION CRITERIA 
TOROINGEELTOR i 1 1 1 1 \ 1 1 1 1 \ \ 1 1 1 
sence 4 5 3 0 5 5 5 0 3 } | 3 5 4 3 
Se ' 5 3 0 5 5 5 0 3 5 5 5 3 4 5 
5 5 5 5 5 3 5 5 3 3 5 5 3 3 bj 
8) CONTAMINATION 3 4 ‘ 6 5 3 5 0 ' ‘ 5 : 2 _ 3 
HUMIDITY 3 4 4 0 3 5 5 0 4 4 5 5 5 5 3 
b} 5 5 3 5 5 b} 5 5 5 5 5 
C/ HANDLING 3 4 3 0 4 4 5: 0 4 4 3 5 4 4 4 
3 4 3 0 4 4 5 0 4 4 3 5 4 4 4 
3: 5 5 5 5 5 5 5 5 B] 5 5 5 bj 5 
D/ COMPONENTS 4 3 Zz 0 5 5 i) 0 4 3 4 5 4 5 3 
4 BY 2 0 5 5 5 0 4 3 4 3 4 5 3 
5 i 5 i 5 A 5 5 5 5 5 ri s 5 5 
ae 5 4 4 0 5 5 5 0 4 3 4 4 5 4 5 
5 4 4 0 i 5 5 0 4 3 4 4 5 4 i 
5 5 5 5 5 5 B} 5 5 5 5 ] 5 5 5 
FI OTHER COMPONENT 4 5 3 0 5 5 5 0 5 4 4 5 4 4 LY 
DAMAGE RISK 4 5 3 0 5 5 5 0 5 A 1 5 4 ' 5 
5 i 5 i 5 5 5 5 5 3 5 5 5 5 5 
G/ SELF CHECKING 5 5 4 0 5 5 5 0 5 4 0 4 5 4 5 
FACILITY 5 5 4 0 5 5 5 0 5 4 0 4 3 4 3 
5 S 5 5 5 3 5 5 5 5 5 5 5 5 5 
H/ PROCESS TIME 3 3 S 3 3 3 3 0 3 Ng 3 3 3 3 3 
3 3 3 3 3 3 3 0 3 3 3 3 3 3 3 
5 5 b] 5 i 5 5 s. 5 5 5 r] 5 5 5 
HEAGUS 4 4 5 t) 5 5 5 () 5 5 5 4 4 5 5 
4 4 5 0 r} 5 5 0 5 5 5 4 4 3 5 
5 3 5 5 5 5 5 3 >» 5: 5 5 5 5 5 
\) SHELF LIFE 
0 0 0 0 0 0 0 0 0 0 Uv} 0 0 0 0 
0 0 0 0 0 0 0 6 i} 0 0 0 0 
5 P| 5 S 5 5 5) B) s 5 5 5 5 5 5 
K/ SCORE ALLOTTED 
POINTS 3S AY uM 3 42 42 43 0 v0 3S 3 40 9 38 40 
POSSIBLE POINTS: 35 vy u 3 n 42 43 t) v7 35 33 40 39 38 40 
50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
L/ PERCENTAGE 
70.0 74.0 62.0 6.0 84.0 84.0 84.0 0.0 74.0 70.0 66.0 80.0 78.0 76.0 80.0 


Table 2: Matrix of evaluation criteria applied to typical operation steps. 
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The last three components described above are 
applied in a special combination and sequence which 
replaces the usual external plant development 
evaluation process. This conventional system and the 
variation are shown in Table 3. 

The advantages of this revised system include 
significant streamlining of information feedback, time 
saving and assured higher quality of feedback. 


Conventional System Revised System 


Development Development 


Laboratory Testing Laboratory Testing 
Further Development Further Development 
Production Production 


Draft Practices Draft Practices 


Field Trials Training of State Lines 
Instructor and QAMO's 
Selected Field Staff 
Trained 
Practices applied in 
simulated test. 
Results evaluated 
Results subjected to 
acceleration ageing and 
final lab testing 
Revision and/or Revision and/or 
Modification Modification 


Standard provisioning Standard provisioning 


Implementation Implementation 


Table 3 — A comparison of the conventional and revised systems of external 
plant development evaluation 


SYSTEM DESCRIPTION 
The Cable 

Filled cable is a polyethylene insulated cable with 
a water impermeable compound filling the interstices 
between the cable conductors. The filling compound 
restricts the entry of water into the cable core and 
subsequent flow along the cable length. The effect is 
to reduce the incidence of faults and to provide a cable 
with more stable long term transmission characteristics. 

The filling material of cables used in Telecom 
Australia is a compound of microcrystaline petroleum 
wax and highly refined paraffin oil. (“Insojell 2852”). 

The conductor insulation is pigmented cellular 
polyethylene (either high or medium density), 
approximately 35% of the insulant volume consists of 
gas bubbles in a fine cell-like structure. Although this 


insulant is less robust than solid polyethylene, it allows 
filled cables to be manufactured with a similar mutual 
capacitance and core diameter as unfilled cables, by 
reducing the permittivity of the insulation to 
compensate for the increased permittivity of the filled 
cable core. (Note: 2 pair 0.40 mm filled lead in cables 
have solid insulant). 

The conductor diameter is generally 0.40 mm for 
urban cables. However, 0.64 mm cable is also used, 
although under rather rare circumstances, to achieve 
the required transmission characteristics for long urban 
cable runs. 

The cable core is wrapped with paper and plastics 
to: 
® confine the filling compound 
® protect the conductor insulation during sheathing 
@ achieve a tight core and circular sheath 

The cable sheath is polyethelene. A moisture barrier 
aluminium laminate bonded to the inner surface of the 
sheath may be provided where circumstances dictate 
eg. shielding against noise. Also a nylon (hard) jacket 
is optional for protection against attack by pests eg. 
termites. 

Rural cables are of similar construction but are 
generally 0.64 mm conductor with a moisture barrier 
sheath. A hard jacket is also provided where required. 


The Joint closure 

The joint closures for the filled cable system are 
required to comply with stringent environmental and 
user specifications to ensure that the improved 
reliability of the cable is complemented by a highly 
reliable joint. These specifications detail features which 
are either essential or desirable for the joint system. 
Telecom Australia has opted for jointing systems which 
utilise thermo shrink plastics and hot melt adhesives 
to effect the seal onto the cable sheath. 

The system requires two types of joints: 

@ openable joints for use generally in the urban area 
but also as a distribution joint for rural services 

@ in-line joints for use as pillar tail joints in urban areas, 
as in-line joints in rural areas and as wrap around 
cable repair joints. 

Joint closures were selected on their performance 
against the user and environmental specifications. The 
evaluation procedure has been described previously. 

Table 4 details some of the features required of the 
jointing system and the degree of compliance of the 
selected joints. 

Figures | and 2 show a type of openable joint 
closure meeting the requirements of the user 
specifications. 

Figures 3 and 4 show a type of in-line joint closure 
meeting the requirements of the user specifications. 


Tools and Accessories 
The filled cable system development included a 
considerable effort to design, develop and produce the 
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Feature 


Selected Joint Enclosures 


Compliance 


Comments 


General 
An unpressurised Joint System 
Operating Environment temperatures from —10°C to +40°C 


Humidity extremes that may include immersion in up to 2m of high alkaline 
water for extended periods. 


Suitable for use with filled, unfilled screened and unscreened cables. 
Expected service life of 30 years or more. 


Installation practices compatible with cable particularly cellular insulation. 


Indication of sufficient heat application. 


v 


AS 


Satisfactory 
Performance in 
laboratory 
simulation of 
environment 


Satisfactory 
performance in 
laboratory 
similation. 


Thermochromatic 
paint on sleeves. 


Openable Joints 
Readily openable, all parts reusable. 


Provide for water block on PEIUT cables. 
Suitable for jointing to Telecom's current cable configuration requirements. 


Maximum of two sizes. 


‘Vee’ Band Clamp 
‘O' ring cover 
seal. 


In Line Joints 

Suitable as a rural direct buried installation and repair joint. 
Suitable as a pillar tail joint. 

Suitable for installation in pits and manholes. 

Suitable for all sizes of distribution cable up to 0.90 mm CPFUTMB. 
Be reenterable. 

Provide for a reenterable water block. 

Facility to provide MB screen continuity. 


Suitable for jointing to Telecom's current rural cable configuration 
requirements. 


SSAA SRN TANS SN 


> 


Table 4 — Features required of the jointing system and compliance of selected joints. 


Fig. 1 — Openable Joint kits Radi 100 and Radi 30. 


Fig. 2 — Radi 100 in J2 pit 


TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. 2 1988 


5 


URBAN FILLED CABLE AND JOINTING SYSTEM IN TELECOM AUSTRALIA 


Fig. 3 — In-line joint kit. 


Fig. 4 — In-line joint 


appropriate tools and accessories required to ensure 
the filled cable and joints attain the expected 


performance as well as providing safe working 
conditions and environment. These tools and 
accessories are an integral part of the overall system 
and include: 

propane gas torches and burners 

hand cream 

mittens/isophar H or shellsol T cleaning sachets 
hand cleanser/paper towels 

protective clothing 

jointing jig (for the openable joints) 

screen continuity wires 

heat shields 

support frame (for the in line joints) 

joint template (for the in line joints) 


Practices Development 

A comprehensive and detailed set of installation 
practices was developed to complete the filled cable 
system. The evaluation and further development of 
practices was an ongoing activity throughout 
implementation. 

It is expected that practice development will be 
ongoing for sometime. Feedback from the Quality 
Assurance Plan for External Plant, survey and field 
inspection will provide the basis for further 
development in both the practices and hardware to 
‘fine tune’ the filled cable system. 


Training 
The proper training of all Telecom staff expected 


Fig. 5 — Lineserviceman installing Radi 100 


TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. 2 


1988 


52 


URBAN FILLED CABLE AND JOINTING SYSTEM IN TELECOM AUSTRALIA 


to install the system was considered to be critical to 
the successful implementation of the system. 
Implementation was phased in only after training for 
jointers (lineserviceman) was completed. 

Lineserviceman were given a four day intensive 
course on the new hardware and practices prior to 
working with the filled cable system. 

It was also considered essential that supervisory 
staff be trained in the new system. A one day training 
course was provided for all supervisory staff prior to 
their area working with the new system. 


Conclusion 

The development of the filled customer distribution 
cable system in Telecom Australia was undertaken as 
a single, co-ordinated project using a systems approach. 
It embraced all relevant aspects of hardware design and 
practices development, ensuring compatibility with 
existing plant. The result is one of optimal total system 
design, rather than individual component design. 

The methodology adopted also drew heavily upon 
the experiences and input from Trainers, Quality 
Assurance Measurement Officers, expert evaluation 
teams and exhaustive Laboratory testing programmes. 

The result was the completion of selection, 
development and implementation (commencement) of 
an urban filled cable system in a very short period of 
time (14 months). The filled cable provides a bearer with 
long term stable transmission characteristics and the 
jointing system contributes towards more reliable 
customer services. 

Development and refinement of practices is an 
ongoing activity aimed at improving economy, 
reliability and staff productivity. 
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Development of the Australian 
Intercapital Digital 
Transmission Network 


J. FE Sinnatt BSc. 


This article describes the development of the intercapital digital transmission network from initial 
planning of the first radio systems in 1981 to the completion throughout of digital radio systems 
Perth—Adelaide—Melbourne—Sydney—Brisbane during 1984-1986, and the approval of proposals 
to interconnect the same cities with optical fibre cables by 1989-1991. This group includes a second 
cable Melbuorne — Sydney, the first having been completed in 1987. Hobart was also connected to 
the main network in 1987, and Darwin should be connected in 1988. The article concludes with some 


thoughts on possible development beyond 1991. 


INITIAL DIGITAL RADIO SYSTEMS 

Digital transmission systems were first planned for 
installation on intercapital routes in Australia to cater 
for growth in the Digital Data Network after digital— 
on—analogue methods had been fully exploited. The 
initial plans prepared early in 1981, provided for 140 
Mbit/s digital radio systems, each equipped with 1+] 
bearers (one protection, one working) to be placed in 
service Perth—Adelaide—Melbourne—Sydney— 
Brisbane by mid-1986, commencing with Melbourne— 
Sydney in 1984. The mid-1986 date was subsequently 
advanced to late 1985. There were no firm plans made 
at the time for digital working to Hobart or to Darwin. 

Radio systems were feasible for initial application 
because of the existence of continuous analogue radio 
routes between adjacent capital cities (Figure 1), 
because 140 Mbit/s equipment with 16-state 
Quadrature Amplitude Modulation (16 QAM) working 
in the 6.7 GHz band could be supplied, and because 
this band was generally available for full 1+7 
exploitation. (Except in the Perth—Ceduna section a 
portion of the band had to be utilised for analogue 
bearers, and only 1+4 digital bearers would be 
available). Nearly all existing path lengths were 
expected to be suitable for the 140 Mbit/s 16 QAM 6.7 
GHz equipment but IF combining space diversity and 
adaptive equalisers were likely to be required on all 
hops. The last stage of digital multiplexing was built 
into the terminal equipment intended for purchase so 
that four 34 Mbit/s interfaces were presented rather 
than a single 140 Mbit/s interface. 

Tail connections for the digital radio bearers would 
consist of 140° Mbit/s line systems (with 4X34 Mbit/s 
interfaces) working on optical fibre cables. Similar 
protection arrangements were adopted to those for the 
radio systems. 


Approval was given in August 1981 for the 
Melbourne—Sydney system and, in January 1982, for 
the other systems. On the Adelaide—Melbourne route 
additional bearers for replacement of analogue 
facilities, one throughout and one part way, were 
included in the approval. 


STRATEGY FOR FURTHER DEVELOPMENT 

In 1982 formal policies were issued approving the 
use Of optical fibre cables in urban areas, including tail 
cables to radio terminals, of digital line systems on 
coaxial cables, and of digital radio systems in the trunk 
network generally. Then the policy for a National 
Integrated Digital Network (IDN) was issued: this had 
the objective of introducing digital switching and 
transmission into the trunk and country networks in a 
systematic and co-ordinated manner. 

In accordance with these policies, further 
development of intercapital routes for all services, not 
only DDN, was to be by digital means unless there were 
good reasons to the contrary. A strategy for 
development was approved in October 1982 whereby 
a complete spare bearer would be provided on all 
routes where possible, digital diverse routes would be 
established as soon as practicable, and bearers could 
be provided in batches rather than one at a time. 

The spare bearer was included because of concern 
at the time over congestion in the network: this 
provision was later superseded by the ‘McKinsey 
Recommendation’ that forecasters should add reserve 
capacity when estimating their requirements. The policy 
for Service Protection approved in 1981 was also to be 
taken into account; in effect this meant adding a further 
spare bearer to all radio systems east of Adelaide, to 
be reserved for restoring traffic from a failed parallel 
route. 
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RADIO EXPANSION AND EXTENSION 

The original proposals were reviewed in the light 
of the new strategy and of additional requirements for 
telephony, for television relaying, and for replacement 
of valve-operated analogue bearers. As a result, the 
initial digital radio systems on all routes were greatly 
expanded. Approval was given for the additional 
bearers in February 1983. The required for service 
dates were to remain as before except for the 
Melbourne—Sydney route where the additional bearers 
could not be completed before late 1985. 

Technical advice was received that with the radio 
equipment then being procured only 6 rather than 7 
working digital bearers in addition to the protection 
bearer could be operated in the 6.7 GHz band, and 
if the last position was to be used it had to be for an 
analogue bearer. In general it was convenient to add 
this analogue bearer and use it to meet TV relaying 
requirements. This limitation did not apply to a brand 
of equipment procured later which was equipped with 
sharper cut-off channel filters. However, in the new 3.8 
GHz band designed for digital operation, only 1+6 
bearers totally can be used in the Australian network. 

Expected growth was such that the full complement 
of bearers was now proposed for the Adelaide— 
Melbourne (via Bordertown) and Melbourne—Sydney 
routes, A second digital system was approved at the 
same time for the latter route, to work in the new 3.8 
GHz band and to be completed by late 1986. 
Installation of this system necessitated recovery first of 
the existing 4 GHz analogue system, and this could not 
be effected before all bearers on the first digital system 
were fully operational. Second digital radio systems 
were also approved for Adelaide—Melbourne by 1987, 
to be installed on the diverse analogue route via 
Mildura, and for Sydney—Newcastle by 1986, to be 
added to the analogue route from Waverley RT. The first 
digital radio system north from Sydney had been added 
to the other analogue route from Dural RT. 

On the Adelaide—Port Pirie route one protection 
plus eight working bearers (1+7+ITV) were seen as 
being required by 1987. The capacity of the 6.7 GHz 
band (1+6+ITV) would be exceeded and it was 
proposed that the 11 GHz band which could 
accommodate 1+10 digital bearers be used instead. 
However this band had not been used previously in the 
Australian long-distance network and bearers could be 
subject to some unavailability due to rain. The route 
was therefore re-designed with shorter path lengths, 
but on technical advice only one bearer was provided 
at 11 GHz with the others at 6.7 GHz. Field performance 
of the 11 GHz bearer could then be evaluated before 
a large-scale commitment to its use was made. 

A digital radio system was also required for 
Launceston—Melbourne by 1987, but this could not be 
planned in detail until propagation measurements had 
been carried out on the long overwater paths across 


Bass Strait. Suitable equipment for testing had first to 
be procured, and the measurements were scheduled 
for 1984/85. 

It was decided also that all the bearers, including 
those originally approved, should be provided with 
1x140 Mbit/s interface rather than 4x34 Mbit/s 
interfaces as originally envisaged. This change was not 
however possible with the first 1+1 bearers for 
elbourne—Sydney as manufacture was too for 
advanced. A consequence was that the additional 
bearers for this route, to be provided with one 140 
bit/s interface, had to include their own protection 
bearer with the same interface. The single 140 Mbit/s 
interface facilitated the operation through 68 Mbit/s 
codecs of 15 supergroups assemblies transferred from 
analogue bearers to be recovered or to be converted 
for TV relaying, and also the patching of traffic to 
another bearer in the event of failure. 


DIGITAL LINE SYSTEMS ON EXISTING 
COAXIAL CABLES 


To achieve a measure of digital diversity in 
accordance with the strategy for development but 
without incurring the costs of new routes, a 140 Mbit/s 
digital line system was approved in 1983 for installation 
on each of the existing 4-tube coaxial cables Port 
Pirie—Port Augusta, Port Augusta—Broken Hill—Cobar, 
and Newcastle—Brisbane, all for completion in 1986. 

The Brisbane system would connect at Newcastle 
with a radio bearer from Waverley RT so that a 
diversely-routed 140 Mbit/s link would be provided 
throughout Sydney—Brisbane. Connecting radio 
bearers were also approved Adelaide—Port Pirie and 
Cobar—Sydney, the resulting through 140 Mbit/s link 
Adelaide—Sydney being intended for interim use as a 
dedicated patch link pending provision of digital 
diverse routes Adelaide—Melbourne (radio via Mildura) 
and Melbourne—Sydney (optical fibre cable). 

A further 140 Mbit/s coaxial line system was later 
approved Ceduna—Port Augusta for completion in 
1988. This was to carry diversely routed circuits from 
the Australia—Indonesia—Singapore submarine cable 
landing near Perth, from Perth itself, and from the 
Satellite Earth Station at Ceduna. Analogueldigital 
conversion would be required at the OTC Submarine 
Cable Terminal at Gnangara. 

A spare pair of coaxial tubes was available in the 
Port Pirie—Port Augusta—Cobar section, but on the 
other routes a 12 MHz analogue line system had first 
to be recovered before the 140 Mbit/s system could be 
installed. The necessary transfer of existing 
15-supergroup assemblies to other facilities could add 
to the requirement for digital bearer capacity and 68 
Mbit/s codecs. Repeater spacing for the 140 Mbit/s 
system is 4.5 km, the same as for the 12 MHz system. 
Except on some radio tail cables coaxial tubes cannot 
readily be made available for protection systems and 
these will not normally be provided. 
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Where circuits are to be derived from a digital line 
system at an intermediate location, back-to-back 
terminals must be installed, there being no digital 
counterpart to the analogue main repeater. A difficulty 
discovered later, that with the equipment supplied the 
supervisory system was designed to monitor only one 
terminal-to-terminal section, was resolved in due 
course. 


OPTICAL FIBRE CABLE SYSTEMS 

A further policy was approved in October 1983 
whereby optical fibre cable could be used for trunk as 
well as urban applications, Single-mode fibres (10 
micron diameter) would be the standard for long 
distance routes, with line systems of 140 Mbit/s or 
greater capacity working at 1300 nm. Repeater spacings 
of up to about 30 km could be expected, much greater 
than with multi-mode (50 micron) fibres and bandwidth 
would also be much greater. Multi-mode fibre could 
still be used in the junction network until single-mode 
fibres became available, expected to be in 1985/86. 

At about this time a Working Party was formed to 
recommend the technology that should be adopted for 
the next stage of development of the Melbourne— 
Sydney route, expected to require relief in late 1987. 
The Working Party reported that meeting demand for 
a reasonable period by radio would be quite difficult, 
and provision for an optical fibre cable would be more 
suitable and economic. The cable would consist of 30 
fibres and follow generally the route of the existing 
coaxial cable (970 km) where repeater buildings were 
generally spaced about 9 km apart and available for 
installation of regenerators as required. New power 
supplies would be required as the coaxial repeaters 
were power-fed over the cable, but all stations had a.c. 
mains connected. Initially 1+7 140 Mbit/s line systems 
would be installed together with 1+1 565 Mbit/s 
systems. Further details of the planning and design are 
given in Reference |. The Working Party’s Report was 
accepted, and the project was approved in May 1984. 
Up to 12 additional fibres were later planned in sections 
of the route for local requirements. 

It had been intended to provide digital transmission 
to Darwin by overlaying the existing analogue radio 
system routed via Mount Isa (Queensland) but, in 1983, 
a proposal was received from the South Australian 
administration for provision of a direct digital route 
from Port Augusta to Darwin via Alice Springs. This 
project, in its final form as approved in July 1984, 
consisted of a basic 8-fibre cable equipped with a solar- 
powered 1+1 140 Mbit/s line system from Port Augusta 
through Alice Springs to Tennant Creek, and from 
Katherine to Darwin, but with a 1+2 140 Mbit/s digital 
radio system added to the existing route Tennant 
Creek—Katherine. Although radio routes existed also 
Alice Springs—Tennant Creek (solar-powered) and 
Katherine—Darwin, optical fibre cables were planned 


in these sections because in the former section new 
diesel power supplies would have been required, while 
in the latter section an optical cable provided the first 
opportunity to offer transmission diversity to Darwin 
at minimum penalty. Diverse routing was desirable as 
the region is subject to periodical cyclone activity. A 
connecting radio bearer would be provided Adelaide— 
Port Augusta. The project is scheduled for completion 
throughout by mid-1988. 


THE DIGITAL NETWORK BY 1988 


From the foregoing it will be seen that between 
1981 and 1983, plans were prepared and approved for 
implementation during the 1984-1988 period for: 

@ Multiple-bearer 140 Mbit/s digital radio systems from 
Perth through Adelaide, Melbourne, Canberra, and 
Sydney to Brisbane. 

@ Second digital radio systems on different routes 
Adelaide—Melbourne and Sydney—Newcastle, and 
on the same route Melbourne—Sydney. 

@ Digital line systems on coaxial cables Port Pirie— 
Port Augusta—Cobar and Newcastle—Brisbane. 
By the end of 1983 plans were also well advanced 

for the Melbourne—Sydney optical fibre cable, for the 

Port Augusta—Darwin optical fibre/digital radio project, 

and for a digital line system on coaxial cable Ceduna— 

Port Augusta. Consideration was also being given to 

a proposal for a second digital radio system on the 

Newcastle—Brisbane route, and to a system on the 

existing route Hobart—Launceston. The Launceston— 

Melbourne system was still in abeyance pending the 

results of the propagation measurements. In the event, 

this was approved in 1985 for completion in 1987 as 

a 1+1 140 Mbit/s 6.7 GHz system on the land sections, 

but as a 68 Mbit/s twin-path system on the overwater 

paths, with one bearer 6.7 GHz and the other 3.8 GHz. 

The Intercapital Digital Network thus expected to 
be in place by 1988 is illustrated in Fig. 2. This network 
is to be superimposed on the analogue network shown 
in Fig. |. Intrastate routes are not generally shown in 
Fig. 2 excepting those which could form part of second 
digital routes to the Northern Territory or to Tasmania. 

The rapid development was expected to continue 
and to require the establishment of further new routes 
owing to the capacities of the radio towers and radio 
systems becoming exhausted and for improved 
diversity. The need was felt for production of a strategic 
plan for development of the intercapital digital network 
for the next ten years or so. 


NATIONAL DIGITAL BROADBAND 
BEARER PLAN 

The desired plan, titled ‘National Digital Broadband 
Bearer Plan’ (Ref.2) was completed in August 1984. In 
producing the plan account was taken of growth rates, 
route diversity, security and survivability, service 
protection needs, national economic and strategic 
development, together with appropriate technologies. 
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Fig. 3 — Intercapital Digital Routes (Proposed by 1991 in National Digital Broadband Bearer Plan, 1984) 


In addition to certain projects already referred to, the 
plan envisaged completion of the following optical fibre 
cable projects during the 1988-1991 period: 


Perth—Port Augusta 1988 
Port Augusta—Morgan—Adelaide 1989 
Morgan—Hay 199] 
Melbourne—Hay—Parkes—Sydney 1990 
Parkes—Brisbane 1990 
Sydney—Newcastle 1988 
(Newcastle—Terranora Lodge radio) 1988 
(Terranora Lodge—Brisbane 1988 


Radio systems added to existing routes were also 
proposed Adelaide—Melbourne via Bordertown No. 2 
(1989), Burnie (Tas)—Geelong (Vic), and Charters Towers 
(Qld)—Tennant Creek (NT). These cable and radio routes 
are illustrated in Fig. 3. 

Including the pre-1988 projects, by 1991 two diverse 
digital routes would thus have been provided Perth— 
Adelaide, three Adelaide—Melbourne (via Bordertown, 
via Mildura, and via Hay), three Melbourne—Sydney, 
and two Sydney—Brisbane. Moreover digital circuits 
could be provided between any two of State capital 
cities without passing through any other. 

Second digital routes would be completed through 
to Darwin in 1993 and Hobart in 1995. Further cable 
routes would be completed Perth — Adelaide — 
Melbourne — Sydney — Brisbane during the mid to late 
1990s. 


IMPLEMENTATION OF THE PLAN 

Although the National Digital Broadband Bearer 
Plan has been accepted as a strategic plan, the 
component projects require specific approval before 
being programmed for implementation, and when 
preparing the cost estimate route details, timing, and 
number of fibres or radio bearers, need to be checked 
and adjusted where necessary. 

Timings of the projects given in the National Plan 
were generally earlier than had been expected. This 
was due to Commercial Targets for leased 2 Mbit/s 
digital services, first published in December 1983, 
having the effect of approximately doubling the 
capacity previously estimated. The targets were later 
significantly reduced, such that if catering for growth 
was the only factor to be taken into account then the 
required for service dates might be deferred for a year 
or two. The number of fibres proposed in a cable might 
also be affected. For example, when the Perth—Port 
Augusta project was studied further it was found 
possible to defer the completion date by one year and 
also reduce the size of the cable. 

On the other hand it might be considered desirable 
on another project to retain the original timing, even 
though circumstances may have changed, to provide 
for service protection, ie., capacity to restore traffic on 
a parallel route which had failed. 
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PERTH—PORT AUGUSTA OPTICAL FIBRE 
CABLE PROJECT 

This was the first cable project in the National Plan 
to be studied in detail. It provides for a new cable to 
be laid from Perth to Glendambo (SA) 2036 km, and 
then for additional fibres to be included in the 
Glendambo—Port Augusta section, 295 km, of the 
previously approved 8-fibre cable from Tennant Creek. 
Initially one protected 565 Mbit/s line systems would 
be installed throughout. It was found, for the reason 
given earlier, that the completion date proposed in the 
National Plan could be deferred by one year to 1989 
without incurring any commercial disadvantage, and 
that the minimum number of fibres could be reduced 
to 12. The project was approved in April 1986, 
Estimated cost was $37.5m. 

The cable route (Fig 4) follows a road or power line 
easement from the Perth terminal at Maida Vale, 20 km 
east of the city, to Kalgoorlie. It then follows the Trans- 
Australian Railway to a point near Glendambo (SA) 
where it diverges for a short distance to join the cable 
from Tennant Creek. From Glendambo to Port Augusta 
the route of this cable follows the Sturt Highway which 
is generally within 1-2 km of the railway. 

The minimum size of 12 fibres allows for operation 
of one protection and two working 565 Mbit/s line 
systems, followed by one protection and one working 
higher capacity systems (1.2 Gbit/s or 2.4 Gbit/s), 


together with one pair to carry a line system in the 
future for the Service Protection Network. The second 
working 565 Mbit/s system is seen as being required 
at around 1992, and the higher-capacity system at 
around 1995. 

In the 565 Mbit/s line systems back-to-back 
terminals to facilitate circuit extraction and protection 
switching were to be installed at five intermediate 
stations, and 47 minor repeaters with solar power 
supplies will be also required, spaced at up to 45 km 
apart. (It is expected now that fewer intermediate 
terminals will be installed, with a corresponding 
increase in the number of minor repeaters). The 
increased repeater spacing compared with earlier 
projects should be possible taking into account more 
efficient design procedures together with equipment 
and cable refinements and improvement in cable 
installation methods. This spacing should also be 
suitable for 2.4 Gbit/s operation when introduced 
around 1995. 

Up to 6 fibres in addition to the basic 12 will be 
included in sections between Perth and Kalgoorlie for 
interstate circuit requirements, and two additional fibres 
have been allowed Kalgoorlie—Port Augusta to provide 
improved communications for the railway. Thus: 14 
fibres would be added to the 8-fibre Tennant Creek 
cable in the Glendambo—Port Augusta section. 
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Special attention will be given to the method of 
travelling to and repair of faults requiring urgent 
attention where these occur in the length of cable that 
follows the railway. 

Australian National (AN), operators of the railway, 
are now negotiating for the use of the additional pair, 
and for Telecom to install a 34 Mbit/s line system from 
Kalgoorlie to Port Augusta with back-to-back terminals 
and branching equipment housed in new buildings at 
all stations along the route. Telecom is expected to 
negotiate in turn for lease back of channels in sections 
of the AN system for reprovision of subscriber services 
currently carried on the AN open-wire route. This route, 
which formerly carried also Telecom long-distance trunk 
circuits, could then be dismantled. 


PORT AUGUSTA — BRISBANE INLAND 
OPTICAL FIBRE CABLE PROJECT 


The four cable projects listed above as required for 
completion during the 1989-1991 period were next 
reviewed as a whole. These were Port Augusta — 
Morgan — Adelaide (1989), Morgan — Hay (1991), 
Melbourne — Hay — Parkes — Sydney (1990), and 
Parkes — Brisbane (1990). The originally-proposed 
geographical routes were generally confirmed and are 
illustrated in Fig.5. (The junction point of Morgan is 
shown replaced by Clare in accordance with a 
recommendation by the South Australian 


Administration). Provision of the second Adelaide — 
Melbourne radio system via Bordertown was now found 
to be unnecessary but even so the Clare — Hay route 
would not be required any earlier than before. 
Melbourne — Sydney could be deferred by two years 
and Sydney — Brisbane by one year. These dates take 
into account new estimates of 2 Mbit/s links required 
for the Integrated Services Digital Network (ISDN). 

The dates had however to be further reviewed 
following approval in October 1986 of Stage 1 of a 
policy for establishing a Digital Service Protection 
Network (DSPN). This policy has the objective of 
retaining 90% of 140 Mbit/s transmission capacity 
between capital cities in the event of a major plant 
outage. Stage | applies only to Adelaide — Melbourne 
— Sydney; approval for extension to other capitals 
would be sought later. If the 90% ratio was applied 
strictly, the projects under consideration would have 
to be completed by 1988, a date which was clearly 
impracticable. Network Management and Transmission 
Divisions accordingly agreed that a lower ratio of 70% 
could be applied where the timing of new routes was 
affected. 

A revised cable installation programme, based on 
the 70% ratio and taking account also of the availability 
nationally of mechanical plant (tractors for ripping and 
for ploughing in cables), led to the following target 
completion dates being set: 
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Fig. 5 — Port Augusta — Brisbane Inland Cable Route (Approved for completion by 1991) 
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Port Augusta — Adelaide October 1989 


Adelaide — Melbourne May 199] 
Melbourne — Sydney November 1991 
Sydney — Brisbane March 1991 


These dates allow time for the installation and 
testing of transmission equipment, and represent the 
dates when 2 Mbit/s links should be available for traffic. 

Capital city terminal locations have been selected 
having regard to Network Survivability. The terminals 
will be situated at Prospect (Adelaide), Windsor 
(Melbourne), Parramatta (Sydney), and Woolloongabba 
and Spring Hill (Brisbane). 
Intermediate back-to-back terminals on intercapital 
systems will be installed only at the junction points 
Clare, Hay, and Parkes, and at Toowoomba (Qld). 
Interconnections will be made at the 140 Mbit/s level. 
To meet intercapital development, 565 Mbit/s systems 
will be provided to the end of 1993, by which time 
2.4 Gbit/s systems should be available; an equal number 
of these would then eventually be installed, to 
supplement the 565 Mbit/s systems, so as to cater for 
growth many years into the future. 

On the thinnest sections of route (Port Augusta — 
Clare, Clare — Hay, Parkes — Brisbane), 16 fibres will 
be provided for intercapital circuits, with additional 
fibres as required to serve intermediate stations. The 
16 fibres will allow for the installation of 142 (I 
protection + 2 working) 565 Mbit/s line systems initially, 
followed later by 1+2 2.4 Gbit/s systems. Later still, the 
initial 565 Mbit/s systems could be replaced by 2.4 
Gbit/s systems, giving a total capability of 1+5 such 
systems. The remaining 4 of the 16 fibres will be 
available to carry systems providing for unforeseen 
requirements or for DSPN restoration bearers. 

The total length of the new cable network described 
is about 3200 km. Estimated cost is $77 million. 


DIVERSE ROUTES TO TASMANIA AND 
TO DARWIN 


As has been mentioned, a Melbourne — 
Launceston digital radio system should be completed 
in 1987 but, because of propagation conditions, the 
capacity of the bearer in the section across Bass Strait 
could be only 68 Mbit/s, and a twin-path arrangement 
had to be adopted. Approval has since been given for 
provision of a second twin-path 68 Mbit/s bearer in this 
section to bring the capacity throughout to 140 Mbit/s 
by 1989. A 1+1 digital radio system Launceston — 
Hobart was completed in 1986. 

To meet availability standards, provision of a diverse 
digital route will be necessary and, as the cost of a 
submarine cable cannot be justified at present, 
use will be made of sections of the existing diverse 
analogue route via King Island. The digital route would 
consist of a new bearer on the existing radio system 
Melbourne — Geelong, a line system on a new optical 


fibre cable Geelong — Colac, new radio system on 
existing route Colac — Smithton, new line system on 
existing 2-tube coaxial cable (replacing 4 MHz 
analogue) Smithton — Burnie, existing parallel digitial 
radio and digital line system on 4-tube coaxial cable 
Burnie — Launceston, and line systems on new optical 
fibre cable Launceston — Hobart. As with the Flinders 
Island route, tests must first be made before the 
capacity of the bearer to be provided on the overwater 
path across Bass Strait can be determined and the 
project submitted for approval. Completion of the route 
by 1990 would be desirable. 

To establish a second digital route to Darwin (the 
Ist route being via Alice Springs), new construction will 
be required only from Mount Isa (Qld) onwards. 
Although an analogue radio route exists Mount Isa — 
Tennant Creek (NT), provision of an optical fibre cable 
would be economic because, for digital radio, the 
height of the towers would need to be increased owing 
to propagation conditions and the diesel power 
supplies would also have to be augmented. To continue 
the diverse route, an optical fibre cable would be laid 
parallel to the digital radio Tennant Creek — Katherine, 
and a second cable laid Katherine — Darwin. Ideally, 
the diverse route would be completed through to 
Darwin by 1991, but it appears that the current scarcity 
of funds may necessitate deferring the project by two 
or three years. 


DEVELOPMENT BEYOND 1991 


As already explained, the Perth — Port Augusta and 
Port Augusta — Brisbane cables will cater for growth 
between capital cities for many years to come. 
Nevertheless, if the DSPN policy remains in force and 
is extended to cover routes to all capitals, further 
intercapital high-capacity digital systems will be 
required in the 1991-1995 period. This need arises in 
the Perth — Adelaide — Melbourne and Sydney — 
Brisbane sections because the earlier digital radio 
systems will not have enough bearers to retain a 
sufficient proportion of the total 140 Mbit/s 
transmission capacity in the event of cable failure. 

While the laying of new optical fibre cables would 
seem to be the obvious approach, provision of radio 
could be considered for some routes because 

g 
F 
O 


manufacturers are developing means for increasin 
capacity by deriving 2x140 Mbit/s from the one R 
channel. This would be done by either erecting tw 
bearers of opposite polarisation or by using 256 QA 
on a single bearer. If both cross-polarisation and 256 
QAM could be adopted together, it could be possible 
to derive 4x140 Mbit/s from a single RF channel. While 
it is unlikely that the capacity of a practical radio system 
could approach that of a 16-fibre cable, provision of 
a limited number of additional bearers on an existing 
radio route could be a suitable means of improving 
service protection, and could thus enable the high cost 
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of a new cable to be deferred until the Retained 
Capacity dropped to an unduly low level. 

Addition of cross-polarised radio bearers in the 6.7 
GHz band could be considered as an alternative to 
cable for the Perth — Adelaide route, and a new radio 
system with normal bearers in the 3.8 GHz band (at 
present spare), but with provision for future cross- 
polarised bearers, on the Adelaide — Melbourne via 
Bordertown route. However, the Sydney — Brisbane 
radio route is so heavily loaded that provision of a new 
cable via the North Coast would probably be the most 
reasonable solution. 

In the case of Melbourne — Sydney where a second 
cable would be provided by 1991 via Hay and Parkes 
as part of the Inland cable project, it seems possible 
that a third cable could be provided via Bairnsdale, 
Cooma, and Canberra, along the track of the proposed 
privately-financed Very Fast Train. A full feasibility study 
of the VFT project is currently being undertaken by its 
sponsors. 


COMMISSIONING DATES OF MAJOR 
FIRST-IN DIGITAL SYSTEMS 

The dates listed below are those on which the first 
bearer on the digital system was ready to carry traffic. 


Perth — Adelaide radio 15 Apr. 1986 
Adelaide — Melbourne 
via Bordertown radio 8 May 1985 
via Mildura radio 30 Sep. 1987 
Hobart — Launceston radio 31 Oct. 1986 
Launceston — Melbourne radio 30 Sep. 1987 
Melbourne — Sydney 
(6.7 GHz) radio | 5 Oct. 1984 
(3.8 GHz) radio 2 31 Oct. 1986 
(140 Mbit/s) cable | 20 Oct. 1987 
Sydney — Brisbane 
(6.7 GHz) radio | 15 Apr. 1986 
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After graduating B.Sc. at Melbourne University, 
John Sinnatt joined the PMG Research 
Laboratories in 1948 as a Physicist: later in the 
same year he went to Sydney as an Engineer and 
worked there in the Transmission Installation and 
Transmission Planning Section. He moved to 
Narrandera in 1951 and then in 1955 transferred 
to the Lines Section at Headquarters. He was 
promoted to Divisional (Senior) Engineer in 1961, 
with duties relating to various aspects of the 
Melbourne — Sydney coaxial cable project. He 
transferred to the new Planning Branch in 1963 
and from then onwards has been associated with 
planning of the Intercapital Trunk Network. 

He was promoted to the position of Principal 
Engineer, Bearer Utilisation, in 1972, but has been 
much involved with Bearer Provision also — in 
particular he participated in, or led, the 
implementation planning of most of the digital 
radio and optical fibre projects described in the 
accompanying article excepting the Port Augusta 
— Darwin project which was initiated by the South 
Australian Administration. He retired from 
Telecom Australia in October 1987 
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INTEGRATED INFORMATION ACCESS: A SERVICE 
EVOLUTION: P. Mikelaitis, J. C. Ellershaw, Telecom. 
Journal of Aust., Vol. 38 No. 2, Page 

The problem of proliferation of telecommunications 
and information value added services can be overcome 
by using a gateway to those services. This paper 
explores the requirements for an Integrated 
Information Access service and describes the types of 
services that can be offered through such a service 
gateway. It identifies gateway components, and shows 
how Expert System technologies may benefit novice 
users. Finally, a brief description of Telecom's 
forthcoming iLink service, which incorporates some 
features of Integrated Information Access, is presented. 


MATCHING TELECOMMUNICATIONS TO PEOPLE: 
G. Lindgaard, DW. Clark, Telecom. Journal of Aust., 
Vol. 38, No. 2, Page 

This paper discusses Human Factors in 
telecommunication. The term ‘Human Factors’ is 
defined, and the history of this line of research is 
outlined together with the typical research 
methodology and experimental design. A research 
project is introduced to illustrate and explain the slow 
progress towards understanding human behaviour. 
Basic and applied research approaches are contrasted, 
and it is argued that research questions should ideally 
be couched in terms of both. 


ELECTRONIC DIRECTORY SERVICES: R. Exner, 
E. K. Chew, Telecom. Journal of Aust., Vol. 38 No. 
2, Page 

Directories are an essential component of most 
telecommunications services, yet are even today 
generally available only in printed form. Electronic, or 
on-line, directories have many advantages over paper- 
based ones. This paper describes electronic directories 
and their application to telecommunications and value- 
added services. The technology for electronic 
directories is being shaped by international standards 
activity, and the paper discusses the current standards 
work. The paper also describes some of the possible 
ways in which directory services can be delivered to 
the end user. 


X.400 — A NEW ERA IN ELECTRONIC MESSAGING: 
P. C. Craig, E. K. Chew, Telecom. Journal of Aust., 
Vol. 38, No. 2, Page 

In 1984, the CCITT published a set of standards 
known as the X.400 Message Handling 
Recommendations. These standards, which define a 
store-and-forward messaging service are making a 
major impact on the future provision of electronic 
messaging and other value added services. The paper 
examines in detail the framework of X.400 including 
the enhancements to it which are currently being jointly 
developed by CCITT and ISO. The underlying model 
and the services (such as message transfer and storage) 
which the system can provide to an end-user are 
explained. Not only does X.400 enable the 
interconnection of disparate messaging systems, its 
underlying protocols and techniques are also having 
a profound impact on the development of new Open 
Systems Interconnection Application protocols. X.400 
provides a content-independent messaging 
infrastructure allowing it to form the basis of other value 
added services. Future efforts will focus on defining 
these new value added applications which will influence 
significantly intercorporate communication and trading 
patterns. 


POWERING THE AUSTRALIAN OPTICAL FIBRE 
TRUNK NETWORK: GC. Lee, N. K. Thuan, Telecom. 
Journal of Aust., Vol. 38, No. 2, Page 

An earlier version of this paper was presented at 
the 1986 International Telecommunications Energy 
Conference (INTELEC) in Toronto. This paper describes 
new developments in power system technology and 
how they have been introduced to meet the 
requirements of intercapital optical fibre trunk systems. 


DIGITAL PERFORMANCE MONITORING 
SYSTEMS: M. Bastock, A. Miles, Telecom. 
Journal of Aust., Vol. 38, No. 2, Page 

Digital Performance Monitoring Systems (DPMS) 
have been developed and are being introduced into 
the Australian Telecommunications Network to 
specifically meet Telecom Australia’s need for computer 
controlled transmission performance surveillance on 
the transmission links in the digital network. The 
introduction of the DPMS will provide Telecom Australia 
with the means of detecting and reporting performance 
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related faults and so enabling fast and efficient after 
sales service to customers who use the Digital Data 
Service, Austpac or ISDN. This article describes the 
Digital Performance Monitoring Systems, their 
integration with other alarm and test facilities along with 
the benefits over existing monitoring methods. 


URBAN FILLED CABLE AND JOINTING SYSTEM 
IN TELECOM AUSTRALIA: E. H. Chui, D. W. Aitken, 
Telecom. Journal of Aust., Vol. 38, No. 2, Page 

The extension of filled cable from the rural areas 
to the urban distribution part of the Customer Access 
Network was an extensive project using an overall 
optimal system design approach. The methodology 
used ensured that system compatibility, hardware 
design, practices development are all integrated. This 
paper describes the approach and methodology used 
by the Project Team in the introduction of filled cable 
into the urban area. 


DEVELOPMENT OF THE AUSTRALIAN 
INTERCAPITAL DIGITAL TRANSMISSION 
NETWORK: J. Sinnatt, Telecom. Journal of Aust., 
Vol. 38, No. 2, Page 

This article describes the development of the 
intercapital digital transmission network from initial 
planning of the first radio systems in 1981 to the 
completion throughout of digital radio systems Perth— 
Adelaide—Melbourne—Sydney—Brisbane during 
1984-1986, and the approval of proposals to 
interconnect the same cities with optical fibre cables 
by 1989-1991. This group includes a second cable 
Melbuorne — Sydney, the first having been completed 


in 1987. Hobart was also connected to the main 
network in 1987, and Darwin should be connected in 
1988. The article concludes with some thoughts on 
possible development beyond 1991. 


INFORMATION TECHNOLOGY: IMPACT ON 
MANAGEMENT: I. Gibson, Telecom. Journal of 
Aust., Vol. 38, No. 2, Page 

The development of intelligent computing systems 
has changed the ways in which computers are able to 
assist managers. Yet many discussions about new 
technology focus on its intrinsic characteristics and pay 
little attention to how it affects an organisation's value 
enhancing processes, and even less, to how it affects 
their competitive advantage. 
This paper reviews how information technology can 
impact onmanagement. It also discusses technological 
trends and their implications for management. 


SEAS NO LONGER DIVIDE. PART 2: A. Tulip, 
Telecom. Journal of Aust., Vol. 38, No. 2, Page 
The second of three articles outlining the history 
of attempts to provide telephonic communications 
between Tasmania and the Mainland States. 


A TUTORIAL ON ISDN CUSTOMER CALL 
CONTROL. PART 2: P. Mikelaitis, Telecom. Journal 
of Aust., Vol. 38, No. 2, Page 

The second part, ‘A Tutorial on ISDN Customer Call 
Control, Part 2’ of this two part series will continue to 
focus more deeply on layer 3 of the D-channel by 
providing detailed descriptions of the signalling 
message structure. 
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Information Technology — 
Impact on Management 


lan Gibson 


The development of intelligent computing systems has changed the ways in which computers are 
able to assist managers. Yet many discussions about new technology focus on its intrinsic 
characteristics and pay little attention to how it affects an organisation's value enhancing processes, 
and even less, to how it affects its competitive advantage. 

This paper reviews how information technology can impact on management. It also discusses 
technological trends and their implications for management. 


IMPACT OF INFORMATION TECHNOLOGY 

The development of intelligent computing systems 
has changed the ways in which computers are able to 
assist managers. The new systems can monitor 
processes and people, and integrate their actions to 
an extent greater than ever before. They permit in- 
depth modelling and analysis of many alternative 
solutions. 

Many discussions about new technology focus on 
its intrinsic characteristics. They pay little attention to 
how it affects an organisation's value enhancing 
processes, and even less, to how it affects its 
competitive advantage. 

Information systems technology is particularly 
pervasive in the value enhancing activities of a firm. 
since every value activity creates and uses information 
(Ref. 1). However, it also has uses in gaining competitive 
advantage in two other related ways. These are through 
the creation of new business opportunities, and by 
altering the structure of an industry (for example 
through computerised marketing). 

Nowhere is industry structure affected more than 
with the use of computer communications. Gaining 
direct access to customers and locking them in, is the 
new role for communications managers. No longer are 
the salesmen and engineers necessarily the ‘frontline 
troops’ — now it could become the computer network 
(Ref. 2). 

The following section will give a brief history of 
computing, outlining how computing has assisted 
managers in the past. The subsequent section will 
examine developments in information technology that 
will influence managers over the next ten years. Finally, 
a section discussing the consequences of these trends 
for managers including the benefits and costs. 


HISTORY OF COMPUTING 

Computing can be broadly described as comprising 
four generations of hardware and software. The basis 
for each generation of hardware is a different central 
technology (Table 1). 


Ist Generation — Electronic-vacuum tube 
2nd» — Transistors 


(1950 to 1959) 
(1959 to 1963) 
3rd “ — Integrated circuits (1964 to 1971) 


4th « " — Very Large Scale Integrated (1971 to ? ) 
circuits (VLSI) 


Table 1 — Generations of computer hardware 


Software can also be considered in the following 
generations (Table 2): 


Ist Generation — Machine coded instructions 
2nd «= — Assembler languages 
Side — High level languages e.g. COBOL, Fortran 


4th * #% — Non-procedural products, productivity 
tools, DBM's 


Table 2 — Generations of computer software 


Another area of development is in computer 
communications. This progessed from papertape and 
pre-punched card batch input; to interactive dumb 
terminals located near the computer; to using the 
analogue telephone network to gain access; to now 
when it is possible to digitally access information 
anywhere in the world, cheaply and easily (Table 3). 


Ist Generation — Papertape and pre-punch card, batch input 
2nd * #% — Interactive dumb terminals locally connected 
3rd — Remotely connected dumb terminals and 


computers using analogue connections 


Ath — Intelligent terminals and computers, remotely 
connected using digital technology 


Table 3 — Generations of computer communications 


The history of computers and management can also 
be categorised into generations. 

Initially, due to their size and cost, computers were 
only used by large businesses and Government 
departments for the manipulation of data. These data 
activities include accounting, staff payroll, billing and 
inventory systems for business, and scientific, weather 
forecasting, warfare and social service systems for 
Government. 
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The introduction of VLSI circuits and the minicomputer 
heralded a new age of computing for management. The 
cost, power and sophistication of computers had 
reached the stage of allowing managers to control 
processes and gather information on the organisation’s 
operation. 

The personal computer (PC) marked the beginning 
of the large scale use of computers by management. 
The PC provides managers with a low cost powerful 
tool for analysing information at a pace previously not 
possible. The main uses are in-depth modelling and 
analysis of business problems and operations. 

Along with hardware developments were 
accompanying PC software innovations. Possibly the 
most famous of these is the business analysis tool, 
Lotus's |-2-3 spreadsheet. Other tools include software 
packages for simulation, linear programming, record 
handling, statistical and decision-tree analysis, graphics, 
etc. (Ref. 3). Refer to Table 4 for further examples. 


APPLICATION PACKAGES 


Business Analysis Lotus 1-2-3, Symphony 


Linear Programming What's Best 
Record Handling DBase III, Paradox 
Statistical Analysis Minitab, SPSS 


Decision-tree Analysis Arborist, Supertree 


Table 4 — Examples of PC software tools 


The combination of a PC, sophisticated software 
and a cheap, reliable digital communications facility, 
gives the manager greater assistance and access to 
information than ever before. 


TECHNOLOGICAL DEVELOPMENTS 
Since technological change has such a powerful role 
in competition, forecasting the path of its evolution is 
extremely important. 
The key areas of technology for managers over the 
next ten years can be classified into three areas: 
1. Information 
2. Processing 
3. Communications 
The technologies being examined are: 
1. Information Resource Management 
2. Artificial Intelligence, which includes 
a. Expert Systems 
b. Natural Language Interface 
c. Voice Recognition 
3. Optical Disks 
4. Intelligent Networks 
5. ISDN (Integrated Systems Digital Network) 
The following paragraphs will briefly describe each 
of these technologies. 


Information Resource Management 

Information Resource Management (IRM) is an 
evolving philosophy about harnessing information. Its 
objective is to manage, store, access, manipulate and 
communicate the raw material of information and 
knowledge: data. 


Artificial Intelligence 

Artificial Intelligence (Al) is a collection of 
technologies relating to computers which emulate 
human reasoning and perception. Reasoning involves 
making judgements and learning from experience. 
Perception means taking raw sensory input such as 
sight and sound and deciding how to respond. 

Today's typical Al system however has many 
weaknesses including inadequate response time, 
defective knowledge base, unsatisfactory explanations, 
and inflexible reasoning (Ref. 4). 


Expert Systems 
An Expert System is a computer program which 
uses a series of rules to ‘reason’ about complex 
situations. The computer program incorporates the 
knowledge and techniques of a human expert as an 
aid in making decisions. Also Expert Systems are able 
to cope with complex situations and uncertainty. 
The major benefits of Expert Systems are that they: 
1. enable the storage and retention of expert 
knowledge. 
2. provide assistance to experts in performing their 
function. 
3. enable the sharing of expert knowledge. 
. enable a greater number of experts to be available. 
5. allow faster development of applications over 
conventional programming techniques. 
Some of the drawbacks of current Expert Systems 


1. the extraction of knowledge is difficult. 
2. they only operate well over a limited problem 
domain. 
3. the legal issues over liability are, as yet, untested. 
4. they have no common sense. 
The main types of Expert Systems include (Ref. 5): 


® Diagnostic 20% 
® Configuration 17% 
® Consultative 14% 
® Planning 12% 
® Monitoring 12% 


Natural Language Interface 

A Natural language system provides a means for 
users to interact with their computer system in ordinary 
English, in an unstructured way. It can provide a 
manager with access to a computer without involving 
extensive computer training. Current natural language 
systems can only discuss a limited range of topics. They 
are useful as a friendly interface to complex computing 
systems. 
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Voice Recognition 

Voice recognition systems interpret human voice 
inputs. All systems can be classified into two categories: 
speaker dependent or independent and discrete or 
continuous voice. At present, most devices are speaker 
dependent — requiring training — and discrete voice. 
The biggest obstacle to the use of voice recognition 
systems is the difficulty in recognising continuous 
speech. 


Optical Disks 

Optical disks offer the benefit of large storage 
capacity, at a fraction of the cost and storage space 
of its alternatives. They store information using laser 
beams to write and read data. Currently its limitations 
are slow access times and transfer speeds, high error 
rates for non-PC applications and an ability to erase 
data. 

The ability to provide enormous amounts of 
information on a tiny optical disk will overcome one 
of the major problems facing modern organisations — 
the information explosion. 


Intelligent Networks 

An Intelligent Network operates by containing 
intelligence to anticipate, detect and resolve any 
network problem, or at least perform a by-pass 
procedure (Ref. 5). 

This allows the packaging of the communications 
network to mass markets due to superior performance, 
cost effectiveness and ease of use. 


Integrated Services Digital Network (ISDN) 

ISDN uses new digital technology which allows 
communication between any two electronic data 
sources. It replaces the analogue telephone network 
with an all digital communications network. This 
includes replacing voice and mixed function terminal 
devices with data communication devices e.g. FAX, 
computers, etc. 

Advantages over previous technologies are 
flexibility, responsiveness, ease of management, control 
and cost effectiveness. 

ISDN will significantly expand the range of 
communications options available and hence, the 
possibilities for gaining a competitive advantage. 


IMPACT ON MANAGERS 

We can assess the impact of various technologies 
on management, by examining the two areas that 
technology affects. These are, how it assists the 
manager and staff to do their job better, and how it 
enhances the competitive advantage of the firm. 
Subsequently, we will examine some of the problems 
and threats it can create. 


Improved Internal Performance 

Improved internal performance results from both 
cost-cutting (doing it more cheaply) and improved 
performance (doing it better). 

The cost reduction opportunities include (Ref. 6): 

— Sales and Marketing 

— Training and Maintenance 

— Sales 

— Better Financial Management 

— Electronic Mail 


Sales and Marketing: 

Build and continually update a customer and 
prospect profile file. This will improve sales productivity 
and significantly reduce sales expense by cutting back 
wasteful cold calling. 


Training and Maintenance: 

By computerising training and maintenance 
manuals, staff are able to work through training 
programmes at their own pace. They learn more 
thoroughly and improve their productivity through an 
increased understanding of their tasks. 

Computerised maintenance manuals provide a 
powerful medium for knowledge retention. A company 
does not have to lose valuable knowledge just because 
its most experienced staff leave or retire. 


Sales: 

Giving salespeople portable computers to get 
messages more quickly and enter orders directly adds 
up to quicker deliveries, better cash flow and less 
paperwork. In the field, they are able to respond to 
customer queries and prepare quotations or estimates 
instantly, thereby improving customer service and 
ensuring customer loyalty. 


Better Financial Management: 

By establishing a direct link between the financial 
controller's office, the bank and the stockbroker, a 
company will have access to financial information faster, 
be in a position to manage accounts more efficiently, 
invest at better terms, react to potential downturns 
immediately and manage its finances in a much more 
aggressive and positive manner. 


Electronic Mail: 

By establishing electronic mail boxes between 
offices over a dispersed geographic area, or inter-office, 
a company can significantly improve its internal 
communications and cut down huge volumes of paper 
flow. Clients can also access this same network to 
communicate faster and more effectively, this again 
helps to cement customer relations and build customer 
loyalty. 

An expert system could provide an electronic mail 
sorting service for managers who use and receive 
electronic mail. The system could decide on what mail 
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to keep, what to do with routine items and take other 
such action without bothering the manager, thus 
improving management performance (Ref. 7). 


Other Methods: 

Other methods are also available to improve 
individual performance. For example, one powerful 
aspect of computer technology is the ability to explore 
the future consequences of management decisions on 
a quantitative basis. 

The acceptance of natural language processors and 
hardware developments on speech devices will 
inevitably see more managers and executives having 
direct access to corporate data. Better information will 
mean better decisions. For example, developing a query 
application using an Expert System enables managers 
to bypass complicated database queries to construct 
powerful database searches (Ref. 8). 

Voice and image I/O are becoming increasingly 
sophisticated, making computers easier to use and their 
information easier to understand. 

The ability of expert systems to provide the 
decisionmaker with the knowledge to explain variable 
relationships, or to use the knowledge to help the 
model builder diagnose errors in model logic, is a 
significant development in decision-support 
technology. 

In addition, Al technology applied to planning 
offers new possibilities for planning and management 
(Ref. 9). It provides day-to-day structures to the 
organisation while allowing modification of these 
structures easily, rationally, participatively, and in a 
highly communicable fashion. 


Improved Competitive Advantage 

A 1982 survey by the NSW Science and Technology 
Council found that company executives saw 
technological change primarily as a means to reduce 
production costs. They saw little overall concern about 
the need to open up new markets or develop new 
products (Ref. 10). 

However, there are many possible areas in which 
information technology can help develop a competitive 
advantage. Some generic applications are (Ref. 6): 


— Customer Service 

— Market Intelligence 

— New Business 

— Locking in Customers 

— Selling extra Processing Power 


Customer Service: 

By providing customers with restricted access to a 
companies’ computer systems for the direct placement 
and tracking of orders, a firm can increase customer 
loyalty, ensure smooth customer relations and lock out 
competition. 

For example, in 1978 American Hospital Supplies 


(AHS) adopted a strategy of providing free computer 
terminals to hospitals, to provide on-line order entry 
and stock enquiries. The impact of the system was 
immediate. Within a year the hospital's purchase costs 
were cut by 20% and AHS's market share had climbed 
to over 50% (Ref. 11). 


Market Intelligence: 

By building effective and extensive models 
incorporating product and market data, demographics, 
customer profiles, internal and external financial 
information and key economic indicators a company 
can quickly and effectively find its overall market 
position. Also it can examine the performance of 
individual products, the likely success of new products, 
and the best time to launch new products or withdraw 
existing ones. 


New Business: 

By considering information aggressively companies 
are able to build entirely new business units from 
activities that they would have undertaken anyway and 
treated as a cost of doing business. Many units are 
highly profitable in their own right. For example, 
American Airlines makes a huge profit from its Sabre 
reservation system, and it needed to have a reservation 
system anyway. 


Locking in Customers: 

A company can build a high level of customer 
loyalty, effectively locking out competitors, by creating 
exclusive computer communications with customers for 
order entry and exchange of product and service data. 

For example, a US chemical company took over the 
direct distribution of its fertiliser, at the same time 
locking thousands of customers into its own brand 
(Ref. 12). 

The chemicals company first created an aggressive 
incentive system to help farmers buy a personal 
computer. In the mid-winter slack period, farmers sit 
down at it and dial up the chemical company’s central 
computer. They access a very sophisticated crop 
planning model, and answer a battery of questions 
about their farm, its history, and its finance. The 
program marries the data with information on input and 
commodity prices and tax law and invites the farmer 
to try options. Each option then generates an income 
and cash flow statement. 

By mid-February the farmer has to make the hard 
decisions for the coming crop year. Then the farmer's 
best option is correlated with a fertiliser purchasing 
program, organised to take advantage of discounts. 

Simply by hitting the space bar twice, the farmer 
makes a direct order. This action cuts out every middle 
man-and effectively locks out competitors: 


Selling extra Computer Processing Power: 
A company can use off-peak computer processing 
power to develop completely new services for outside 
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customers, even though this may not be in their 
traditional business. In that way a company can transfer 
some of the high costs of building and running their 
information network. 

For example, Security Pacific National Bank sold its 
computing skills and services to smaller banks, 
effectively establishing their computer department as 
a profit centre. 


Threats & Problems 
Despite the many benefits that accrue from 


technology, it is not a ‘yellow brick road’ without its 
threats and problems. These threats and problems 
include: 


— Loss of control of day-to-day operations 
— Theft and misuse of information 

— Labour relations 

— Vulnerability to system failure 

— Privacy 


Loss of control of the day-to-day operations: 

A good example of loss of control is the recent 
share market crash: known as Black Monday. 
Computers linked to the different stock exchanges are 
programmed to buy and sell shares automatically when 
certain trigger events occur. For example, sell 50% of 
a stock if it falls below a certain level, 100% below 
another set level. A US report (Ref. 13) concludes that 
the downward market spiral of Black Monday was 
caused by computer reactions. That is, computer selling 
triggering further computer selling. 

In addition, if you try to lock-in your customers by 
providing access to your system, then you risk being 
locked-in yourself. That is, by allowing customers 
greater access to operational information you also 
allow them to control your operations. 

For example, if your customers have strong buying 
power and they have access to your order-entry system, 
they may dictate your inventory levels. That is, you keep 
your inventory level high so that they can reduce their 
storage costs. 


Theft/misuse of information: 

Information is a valuable resource which can be 
misused or stolen. For example, the areas in which the 
use of Expert Systems are most valuable, are also those 
areas that are most subject to competitive pressures. 
Therefore, most expert system development will involve 
access to highly sensitive information, hence you 
shouldn't involve outside consultants. 


Labour relations: 

The introduction of technology can lead to conflict 
over issues including de-skilling. Technology as a 
powerful influencer of change, reduces the dependence 
on some forms of labour while increasing the demand 
for others. This reduced dependence often manifests 
itself as a de-skilling of the labour force. 


As Barry Jones (Ref. 14) states: 

“Technological innovation tends to reduce 
aggregate employment in the large-scale 
production of goods and services, relative to total 
market size, after reaching maturation, .. and to 
increase employment at lower wage rates in areas 
complementary to those technologically affected.’ 


Vulnerability to system failure: 

As information technology becomes an integral 
part of an organisation, an organisation's vulnerability 
to a system failure of that technology increases. A 
recent report indicates that most large organisations 
would cease to function after an information system 
failure of more than seven days. 


Information explosion: 

Managers are often overwhelmed with information 
that is irrelevant or at best marginally useful. One 
solution is to use an expert system. The system has the 
ability to diagnose, analyse and even make judgements 
about the information it accumulates and generates. 

Further, it is not enough to get information to the 
people who use it. It must be in a useable form, 
particularly for problem identification and solving. 


Privacy: 

Privacy is becoming an increasingly important issue, 
as the amount of information stored on individuals 
grows rapidly. Some countries have enacted data 
privacy laws, while others have adopted a wait and see 
attitude. 

The interconnection of separate data stores, 
through a master identifying number for example, 
poses the biggest problem — enabling easy creation 
of profiles on people. 

The potential for misuse of information will be 
significant, once the adoption of Information Resource 
Management techniques and the use of expert systems 
to perform powerful data searches is widespread. 


FUTURE CHALLENGES 

The business environment today is more intensely 
competitive than ever before. The successful managers 
will be those that best anticipate change and take 
advantage of the opportunities it brings to add value 
to products and services. 

The challenge facing all of us is to recognise and 
embrace technological change, seizing the new 
opportunities and understanding the changes. 

The time of parenthesis (technological change) is 
a time of change and questioning. ‘If we can learn to 
make uncertainty our friend, we can achieve much more 
than in stable eras... in the time of the parenthesis we 
have extraordinary leverage and influence — 
individually, professionally, and institutionally - if we can 
only get a clear sense, a clear conception, a clear vision, 
of the road ahead” (Ref. 15). 
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Seas No Longer Divide 


PART 2 
A. Tulip 


The second of three articles outlining the history of attempts to provide telephonic communications 


between Tasmania and the Mainland States. 


WIRELESS TELEPHONY PREVAILS 
By the end of September 1926, detailed quotations 
for the supply of equipment to achieve wireless 
telephone service between Tasmania and the mainland 
were received both from STC. and AWA. Both 
manufacturers acknowledged the exacting 
requirements of the Postmaster-General’s Department 
and then proceeded to describe their equipment and 
show how the desired result would be achieved. As 
STC. stated:— 
“It is our understanding that the link is required 
to give one radio telephone circuit between the 
two terminals, the circuits to be so arranged as 
to link up with the existing land line telephone 
circuits, and to form an intermediate portion of 
the regular trunk line network. Such a radio circuit 
as we should provide would enable you to 
establish full duplex operation, and ringing 
facilities are provided so that the circuits 
terminate on switchboards in the ordinary 
manner. Privacy is secured by inverting the 
speech frequencies before they are transmitted 
over the radio channels, and re-inverting them 
when they are received at the distant terminal. 
The circuits will function exactly as if the radio 
link were replaced by a normal wire line. It is 
estimated that an antenna power of five kilowatts 
will be required in order to give a reasonable 
degree of assurance that service could be 
maintained throughout twenty-four hours of the 
day.’ 
But then came the reservations as would be 
expected in any fair and open submission:— 
“It is, of course, impossible to guarantee a 
completely uninterrupted service, as there are 
occasions, as for instance during violent electrical 
storms, or when a station with a broadly tuned 
spark transmitter is operating close to either 
receiving station, when even ten times the power 
specified would not suffice to maintain a 
continuous service. If you feel that the demand 
for the service is not sufficient to justify a five 
kilowatt installation and would be willing to 
consider a service which would be subject to 
interference, we could more than likely provide 
you with a one kilowatt equipment. It must be 


understood that with this latter equipment, we 

could not guarantee continuous service, but we 

do feel that a fair degree of satisfaction could be 
obtained under average conditions.’ 

The proposal submitted by Amalgamated Wireless 
was equally detailed and honest in admitting the 
limitations of current technology. Chief Manager, 
Telegraphs and Wireless, Jim Malone provided an 
analysis of both proposals for Secretary Brown:— 

“The AW.A. quotation describes the equipment 

as being suitable for 200 miles, costing 22,020. 

The STC. offer provides for alternative schemes:— 

(a) Melbourne to Launceston; 

275 miles; £ 27,866, 
(b) Alberton (Vic) to Lefroy (Tas): 

175 miles; £ 34,362 
The latter case is the more expensive owing to 
the necessity for the installation of local power 
supply. In both cases the cost would be added 
to considerably in respect of installation costs for 
buildings, power supply, masts and_ aerial 
systems.” 
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STC’s Alternative W/T Terminals 1926. 


The technical details of the relative proposals were 
discussed most minutely and Malone concluded:— 
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“The STC. proposal technically is a much 
more satisfactory one, having special regard to 
the greater radio power level and the provision 
for reduction of atmospherics which will be 
severe on the wavelength proposed. The total 
cost of this installation — the shorter radio link 
— will probably be not less than £50,000 having 
regard to the cost of land, buildings, masts etc. 
The annual charges on this system would amount 
to about £16,000.’ 

And then, significantly, he added:— 

“It will be seen that the annual charges on the 

Radiophone system would not be much lower 

than 10% of the capital cost of a cable costing 

160,000. The maximum life of the Radiophone 

system could be set down at 10 years as against 

the cable life of 30 — 40 years.’ 

The position towards the close of 1926 relating to 
the provision of a Bass Strait speech link may thus be 
summarised. The Postmaster-General had stated five 
years previously that:— 

“If present trials prove successful, it may be 

accepted that wireless telephone communication 

across the Strait will become accomplished fact 

in the near future.’ 

According to Departmental requirements the tests 
were only reasonably successful and, despite great 
advances in radio technology, a continuous unimpeded 
radio-telephone service could not be guaranteed, even 
with the latest specifications from STC. and AWA. 
Great advances in cable technology had provoked 
thoughts of providing a service by that means, but the 
cost was prohibitive and both Secretary Brown and his 
Minister still favoured the introduction of a wireless link. 


BUSINESS PRESSURE AND POLITICS 
Mr Black of “The Mercury” again pleaded the cause 

of the Hobart Chamber of Commerce, making 
representations to Senator Pearce, Vice President of 
the Executive Council. It was apparent that the 
intricacies of cable technology were not restricted to 
the engineering fraternity, as Black intimated that the 
Chamber was very anxious that another cable should 
be laid across the Strait and that it should be of the 
d 

n 

e 

e 


loaded type so that telephonic communication cou 
be had with the mainland. Postmaster-General Gibso 
replied on behalf of the Senator emphasising that th 
enormous cost of such a project prompted th 
Department to investigate the possibility of a wireless 
elephone service. President of the Chamber, Walter H. 
Cummins, responded that even if the cable service were 
to cost £ 200,000, the expenditure was warranted, and 
inferred that the Commonwealth Government 
considered Tasmania as being in a different category 
from the other States and less deserving of adequate 
care — a charge to which Gibson took rightful 
exception:— 


“| do not think it would be possible to sustain a 
charge against this Department concerning the 
treatment which is extended to the people of 
Tasmania. During the year 1924/25, the working 
expenses in respect of Post Office services 
rendered to the people of Tasmania were the 
third highest per 100 of the population compared 
with those of all other States, whereas the 
earnings were by far the lowest of any State in 
the Commonwealth. | think | have already given 
expression to the view that nothing would give 
me greater pleasure than to find it possible to 
establish a telephone service between Tasmania 
and the mainland — and | have not given up hope 

of inaugurating this service!” 

The Postmaster-General’s statistics could, 
nevertheless, do little to staunch the growing swell of 
public opinion. Tasmanians had conversed by 
telephone since 1883; the first trunk connection was 
made five years later and the major centres of 
Launceston and Hobart had been joined for the last 
twenty five years. Why, with all the latest advances, was 
it still impossible to speak across a stretch of water? 
Radio telegraphy had successfully bridged the gap 
more than twenty years previously! Why not radio 
telephone? It was done elsewhere — and over much 
greater distances; why not here? Why didn’t the 
Government do something about it? Such sentiments 
were repeatedly echoed in the House by Tasmanian 
Members and although, in March 1927, they were 
assured that:— 
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Walter H. Cummins 
(Courtesy Tasmaniana Library, State Library of Tasmania). 
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“Consideration is being given to both alternatives’ 
(i.e. cable and wireless), a foot-note to the paper 
on which that particular Hansard extract is 
recorded reads: 

“Please return file to Research Section so that a 

case may be prepared for the Radio Link.’ 

It is clear that as far as the Department was 
concerned, radio was still the preferred option, and this 
was confirmed in a report published in November of 
that year by the Parliamentary Joint Committee of Public 
Accounts where mention of radio-telephony was 
abysmally brief:— 

“The establishment of a radio telephone service 
would be most advantageous..The Postal 
authorities have been studying this question for 
some time, and the Committee has been assured 
that when the project is regarded as being feasible, 
it will be established’’ 

The Launceston “Examiner” retorted caustically:— 
“The official assurance reads rather like dope! 
Many years have elapsed since the first 
experiments were made, but in Australia we seem 
to be as far off anything practical as ever. It is 
possible to talk over the vast area of the 
Atlantic...Holland has talked with the Dutch East 
Indies. In view of such accomplishments it ought 
to be possible for the Commonwealth Postal 
Department to provide a similar facility across the 
couple of hundred miles across Bass Strait!’’ 
There is little doubt that a radio-phone service could 

have been installed at the end of 1927, but it would not 

have measured up to the stringent requirements of the 

PMG's Department, and if, because of mounting 

criticism and political pressure, an inferior service had 

been installed and it was a failure. the political 
consequences for the Minister and the inevitable 
repercussions for his advisers can readily be visualised. 

Secretary Brown was not yet satisfied. The Minister, the 

honourable Members, the Press, and the public would 

have to wait! 

Early in the following year STC. produced a revised 
scheme for the establishment of a commercial short 
wave radio telephone and telegraph service between 
Melbourne and Launceston. They suggested that a 
20KW set of equipment would meet all the Department's 
requirements and also provide additional channels for 
carrier wave telegraphy. The apparatus would operate 
on wave lengths from 45-90 metres. It was again 
admitted that local atmospheric conditions might arise 
when fading would be experienced over the 
transmission path, but a compensating device was 
offered to overcome such fluctuations in signal strength 
— at acost of £3,000 per terminal. The total costs for 
the system were more than £65,000! Brown, 
nevertheless, ordered an investigation into the suitability 
of the 45-90 metre band width for propogation 
purposes, noting sombrely:— 


“The cost of the proposed equipment is a heavy 
item to face and we must hope that further 
enquiries will result in a less costly quotation.’ 
Experiments continued amid sniping attacks by the 
press and verbal assaults on the floor of the House, to 
which, on 11 September, the Postmaster-General 
replied:— 
“The detailed technical requirements are being 
assembled in order that tenders for the equipment 
necessary to establish a telephone service may be 
invited. It is a subject receiving the most earnest 
consideration and no effort will be spared to bring 
about a realisation of this desire at the earliest 
possible date.’ 
The assembly of requirements took, perhaps, a little 
longer than might have been anticipated. Christmas 
passed; the New Year arrived. The year — 1929! 


“IT WILL BE A RADIO LINK” 

The specification was prepared by S.H. Witt who 
may be regarded as the “founding father’ of the PMG's 
Research Department and on | February, 1929, Director 
General Brown informed the Minister of his 
recommendations. In order to improve telephone and 
telegraph communication for Tasmanians, it had been 
decided to establish a wireless telephone service across 
Bass Strait. It was hoped that it would be possible to 
procure apparatus which would provide a telephone 
service capable of being linked up with the whole 
Commonwealth network and which would also derive 
a separate channel of such quality that broadcasting 
programmes might be relayed across the Strait for local 
transmission. It was also hoped that a supplementary 
telegraph service to that available by existing cables 
would be secured. It was hoped that commercial 
service would be established within twelve or fifteen 
months. 

Specification No. RI, issued on 15 February, was 
a statement of the Department's requirements. It was 
remarkably comprehensive, embodying the latest 
techniques, suggesting to prospective tenderers how 
the job might be done and inviting them to supply the 
equipment to achieve the object. The Deputy Directors 
in Victoria and Tasmania were provided with details of 
the plan which was to involve their States so intimately. 
Witt's letters disclosed that the system would provide 
two channels; one for regular trunk line telephone 
traffic and the second for the exchange of broadcast 
programme material between Tasmania and the 
mainland. The programme channel would be suitable 
for picture transmission, enabling the extension of that 
service to the island state at some future date. It was 
also the intention to purchase a voice frequency carrier 
telegraph system of about six channels and, with it, to 
carry out experiments over the programme channel, 
having in view the provision of an emergency telegraph 
service for use in the event of a cable failure. 
Implementation of the scheme would therefore require 
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the selection of four sites to accommodate sending and 
receiving stations in both Tasmania and _ Victoria. 
Indications of suitable localities had been provided by 
the 1921 experiments and it was suggested that the 
following areas be investigated:— 
For the Victorian sending station, in the 
vicinity of Cranbourne; 
For the Victorian receiving station, near the 
head of Westernport; 
For the Tasmanian sending station, between 

Deloraine and the northern coast; 

For the Tasmanian receiving station, as close 
as possible to the coast between Burnie and 

Devonport. 

The survey and selection of possible sites in 
Tasmania was performed by Equipment Engineer Eric 
Bowden and Line Inspector FT. Smith. Their task was 
not an easy one as many points had to be borne in 
mind. The sites had to be elevated, surrounded by 
undulating country and free from houses and thick 
scrub. They had to be near the main trunk telephone 
and electricity supply routes and should have a natural 
water supply for valve cooling purposes. Proximity to 
a railway siding would be advantageous. The strictest 
confidence had to be maintained and no information 
given as for what purpose the sites were required, so, 
while ostensibly seeking information as to the location 
of certain telephone subscribers, the duo tramped the 
northern countryside and within a commendably short 
time had fixed upon two locations which seemed to 
be ideal for their respective roles. The transmitting site 
was located | 1/2 miles from Deloraine and the receiver 
was to be four miles from Devonport. 

Eric Bowden's report was but one document which 
received close scrutiny during the following months, 
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because, in response to the Department's “invitation 
to tender’, no less than fifteen schemes for providing 
the radio link were received from major manufacturers. 
Analysis and comparison continued endlessly. The 
Director-General no doubt viewed with pleasure his 
prospective visit to Hobart for the opening of the city’s 
new automatic exchange, but after successfully 
launching the new facility, he immediately came under 
pressure from the proponents of the Bass Strait link. 
Brown sympathised with his impatient questioners but 
could do no more than truthfully inform them that a 
wireless telephone service would be installed when all 
tenders had been evaluated. For Tasmanians, it was a 
frustrating response, but then their hopes were uplifted. 
As a result of the General Election in that same month, 
the Scullin government came to power and the 
Tasmanian Member for Wilmot, Mr J.A. Lyons was 
allocated the portfolio of Postmaster-General. The 
reaction of the average citizen was predictable A 
Tasmanian was now in control of telegraph and 
telephone affairs. Now there would be some progress! 


Tasmanian Engineer Eric Bowden. 


FURTHER THOUGHTS ON CABLE 

“The Mercury” was quick off the mark in again 
pressing the Tasmanian cause. On 25 October 1929, 
General Manager Cummins wrote to Joe Lyons 
congratulating him on his appointment and then 
pointed out how badly the State was served by the 
existing telegraph cables. 

“There are still occasions when our press 

messages are subjected to exasperating delays. 

This is because the cables are obsolete and 

cannot carry the traffic at anything like high 

speed. A wireless telephone would overcome 

that. The late government promised to install this, 

but so far it has not been done.’ 

One might interpret Cummins’ letter as a plea for 
improved facilities for his newspaper rather than for the 
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Postmaster General J.A. Lyons 


people of Tasmania, but Lyons realised that he had to 
do something about it. His political experience had no 
doubt inculcated a healthy respect for the power of the 
press and he was now in the “hot seat.’ A full report 
on the matter was called for and Sidney Witt provided 
the details. Telephone, radio broadcast and additional 
telegraph facilities could be provided by either a 
submarine cable or by wireless telephony. Cable 
offered the most satisfactory way of providing the 
desired services, but the cost would be extremely high. 
A radio telephone system would cost about half as 
much and could be expected to give a service for about 
eighteen hours a day, but it could be badly disrupted 
by atmospheric disturbances. In view of the lower cost 
it had been decided to proceed with a radio method. 
Tenders were being evaluated and it was thought that 
a service should be in operation within sixteen months. 
The implications of Witt’s report were discussed at 
length with the Postmaster-General, and Brown's record 
of the proceedings showed a significant change of 
thought:— 
“It was agreed that before proceeding further, the 
whole matter should be reviewed in order to 
determine whether it would not be better to 
provide a submarine cable, bearing in mind the 
recent great developments in submarine cable 
design.’ 
Lyons faced the same dilema as his predecessor. 
He could authorise the installation of the radio 
telephone system with its acknowledged limitations, but 
it could not be provided for a lengthy period during 


which he would have to fend off persistent enquiries. 
It was, perhaps, politically expedient that while 
evaluation of radio tenders proceeded, he be seen to 
be examining the possibility of a submarine cable, 
which although much more costly, would provide a 
vastly superior service. It is suggested that he was 
persuaded by the arguments of his Director-General, 
who, at the end of November 1929, sought advice from 
the Chief Engineer of the British Post Office. Progress 
in the design of submarine cables had progressed 
rapidly with the introduction of continuous loading, the 
use of repeaters and the discovery of superior 
insulating materials. The modern cable was not subject 
to fading, it could guarantee secrecy and it did give an 
all round the clock service. Despite the expense, it was 
a possibility that had to be explored, and it is evident 
that provision of a service by cable was receiving 
considered attention at high level, as in December 
1929, it was announced in the House, that:— 
“In view of substantial improvements which have 
recently taken place in the design of submarine 
telephone cables, further investigations are being 
pursued so that the relative merits of the two 
systems may be determined” 

Based upon information supplied by Sir Thomas 
Purves of the British Post Office, Chief Engineer 
Crawford reported that the freighting and laying of 
some 220 nautical miles of suitable cable with the 
associated costs of repeater stations and terminal 
equipment would entail an outlay of 230,500! It was 
probable that a route from Lorne on the Victorian coast 
to Stanley in north-west Tasmania offered the best 
possible conditions for safe landing points, a sandy sea 
bed and freedom from fast running tides. A second 
possibility was to run a cable from the mainland to King 
Island and thence to Tasmania. This was a slightly 
longer route, but it would enable a repeating station 
to be placed on the island — which would considerably 
reduce the size of conductors in the cable and thus the 
expense — and it would provide telephone 
communication for the islanders. It would also facilitate 
the use of carrier systems in the cable thereby 
increasing its carrying capacity. Installation costs, 
running expenses, the advantages and disadvantages 
of the two systems — radio and cable — were 
scrutinised most minutely. The most attractive aspect 
of the radio link was its comparatively low cost. The 
provision of a submarine cable, though more costly, 
would give more satisfactory service and was cheaper 
on an annual cost basis. Crawford definitely favoured 
communication by cable, but as he pointed out:— 

‘the scheme adopted might be dictated by severe 

financial restraints due to the depression period” 

During April and May of 1930, Tasmanian Senator 
Herbert Hays continued pressure on the Postmaster- 
General and, as predicted by Crawford, the reply he 
received was not encouraging:— 
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“Investigations are being continued into the 
technical merits of wireless and cable services, 
particularly in relation to the somewhat 
remarkable developments which have taken place 
in the manufacture of submarine cables for 
telephonic purposes. It has to be recognised, 
however, that in existing economic circumstances, 
there is unfortunately no option but to defer the 
projected scheme, which is one of considerable 
magnitude, for the time being.’ 

The reaction by “The Mercury” was both swift and 

predictable:— 

“The new Postmaster-General in his first annual 
report printed March 27, 1930, announced — no 
doubt with some pride — the advances in long 
distance telephone services which his department 
was carrying out between Sydney and Brisbane, 
Sydney and Melbourne, and Adelaide and Perth, 
and he finished up by informing us, “Tenders have 
been called for the provision of a wireless 
telephone link between Tasmania and the 
mainland with the object of providing full 
intercommunication between the two telephone 
systems.’ Excellent! And now, six weeks later, it 
is announced from Canberra, ‘The Federal 
Ministry has decided not to proceed with the 
scheme to establish telephonic communication 
between Tasmania and the mainland.” Of course, 
that sort of thing is chronic — we have learned 
by experience, to expect it. It helps to fill the cup!” 


ABOUT FACE — AND YET AGAIN! 

It was an understandable point of view but the 
scheme was not dead: it was simply deferred until a 
better economic climate permitted the Government to 
adopt a suitable system — a course to which it was 
committed. With emphasis on further exploration of 
cable possibilities, plans were formulated on 30 May 
for engineers Durant and O'Reilly of Crawford's staff 
to visit King Island to inspect possible cable landing 
sites and determine overland pole routes. But the 
significant event of that day was a conference between 
Brown and his senior colleagues who were jointly to 
recommend a definite course of action. All aspects of 
cable and radio schemes were examined and three 
were eventually selected for final comparison:— 

(a) A submarine telephone cable of approximately 180 
nautical miles length, with King Island as an 
intermediate point on which a repeater station 
would be located. The cable would have three 
screened pairs of conductors and would provide 
five telephone channels and four to six telegraph 
channels if desired; 

(b) A radio telephone system using short wave directive 
transmission providing five telephone channels, at 
least one of which would be suitable for programme 
transmission; 


VICTORIA 


King Island 


BASS STRAIT ‘ 


67" 
ais 


Suggested Cable Routes 1930. 


(c) A radio telephone system of one single channel 
capable of use either as a trunk line or a 
programme channel. 

Capital and Annual charges were estimated as 
follows:— 


Capital Annual 
Cost 
£ z, 
Scheme A — 
5 channels cable 196,000 24,110 
Scheme B — 
5 channels radio 321,600 12,233 
Scheme C — 
1 channel radio 57,700 19,307 


Scheme B was eliminated immediately since both 
its capital and annual charges were higher than those 
of a cable. An examination of the record of 
interruptions to the existing telegraph cables showed 
that they suffered one interruption in 3 to 4 years and 
that the duration of the interruption was approximately 
2 weeks. A new submarine cable would increase the 
submarine group and the chance of total interruption 
of communication would be considerably reduced. The 
chance of severance of telephonic communication 
would, however, still be of the order of one interruption 
in 3 to 4 years. It did not seem justifiable, therefore, 
to instal a radio system such as scheme “‘C’’ merely 
for use about two weeks every 3 1/2 years. Scheme 
“C’ the single radio channel, was estimated on the 
basis of using the Victorian end as a short wave radio 
broadcasting station for programme service to other 
States when not required for Tasmanian service. It had 
not been possible, however, to find any other use 
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whatever for the Tasmanian terminal of the link. It was 
therefore exclusively chargeable to reserve service in 
case of cable failure and would not be installed because 
of such small justification. 

The Director-General decided that, having reviewed 
all aspects of such a complex problem, submarine 
telephone cable was the proper scheme to adopt. It 
was agreed that a specification of requirements be 
drawn up for the purpose of calling for tenders, and 
that the provision of continuously loaded cable be 
encouraged so as to permit the use of carrier systems. 

The cable recommendation, from a_ highly 
professional group of engineers, was passed on to the 
Postmaster-General in a memorandum dated 3 June 
1930, and two days later, Mr Lyons announced to the 
House that the Tasmania — mainland telephone service 
was to go ahead — by means of a wireless telephone 
system! It was a political solution to an aggravating 
problem. Ignoring professional advice, Lyons was 
saying in simple language, “Yes, Tasmania, you can have 
a radio-telephone system. It will not be perfect but it 
will serve as a stop-gap measure until we can give you 
a cable. We can then use the radio apparatus for 
broadcasting, so it’s not a waste of money.’ 

All activity associated with a cable service was 


stopped as energies were channelled into the 
preparation of a case for the radio project to be 
submitted to the Parliamentary Public Works 
Committee. In response to the Minister’s request for 
information as to when the project might be completed, 
Crawford could give little comfort. Taking of evidence 
by the Committee, invitation and evaluation of tenders 
— assuming Committee and Parliamentary approval — 
delivery, installation and testing of equipment may not 
enable completion of the project until May 1932! 
Brown discussed the problem with the Minister and 
no doubt emphasised the possible completion date — 
two years hence! The substance of that conversation 
may never be known, but it is suggested that because 
of the inevitable delay, the Director-General again 
stressed the claim of superior cable technology. There 
could be an economic change for the better and might 
it not be politically desirable to have both radio and 
cable proposals examined by the Public Works 
Committee? Parliament would, after all, act upon the 
Committee's recommendation. Whatever transpired 
during that interview is illuminated by a scrawled note 
in Brown's handwriting at the foot of the minute:— 
“Discussed with Mr. Lyons. Pursue with 
preparation of both cable and radio schemes.’ 


Alan Tulip, graduated and diplomate of 
the University of Durham, served for nine 
years as a Royal Air Force Instructor and 
then taught and adminstered a group of 
schools in Central Africa. Persuaded by 
an ex-service colleague to settle in 
Tasmania, he soon decided that a change 
from teaching was desirable and joined 
the PMG. Department in 1971. He 
became Tasmanian Historical Officer two 
years later and has, since then, been 
happily researching and writing, and 
administering the Hobart Postal and 
Telecommunications Museum. 
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A Tutorial on ISDN Customer 


Call Control 
PART 2 


P. Mikelaitis 


The second part, A Tutorial on ISDN Customer Call Control, Part 2’, of this two part series will continue 
to focus more deeply on layer 3 of the D-channel by providing detailed descriptions of the signalling 


message structure. 


1. INTRODUCTION 

The first paper of this series, provided a simple 
introduction to the ISDN and then proceeded to focus 
the reader's attention towards the new customer 
signalling capability of the D-channel at the ISDN user- 
network interface. The reader was left with a detailed 
description of what are likely to be typical signalling 
message sequences for call set-up, clear down and 
supplementary service invocation. 

This part concludes the series by focusing the 
reader's attention on the D-channel layer 3 signalling 
message structure and the uses of individual 
information elements. 

In general the D-channel layer 3 message is made 
up from segments called information elements (see 
figure 3.3 of Part 1). These information elements always 
appear in the same relative order within a message. 
The first three information elements are common to 
all layer 3 signalling messages and make up the 
mandatory part of the message. This is followed by an 
optional part consisting of information elements that 
provide additional data necessary to the function of 
the message (e.g. address digits). 


2.1 THE MANDATORY PART 

Figure 2.1 illustrates the overall message and 
provides detail in the form of an exploded view of the 
mandatory part. The three mandatory information 
elements are described, in the following sections. 


2.1.1 PROTOCOL DISCRIMINATOR 

The Protocol Discriminator provides a means for 
terminal and exchange equipment supporting multiple 
communications protocols at Layer 3 to quickly 
determine the protocol that a particular message 
belongs to. Figure 2.1 shows the Protocol Discriminator 
coding that indicates the message belongs to the 
signalling protocol of CCITT Recommendation 1.451. 

It could also have been coded to identify the 
message as belonging to X.25 Packet level or, to an as 
yet, undefined D channel Layer 3 maintenance 
protocol. 


2.1.2 CALL REFERENCE 

The call reference length octet is the first part of 
the CALL REFERENCE information element. It indicates 
the number of following octets used to carry the Call 
Reference (e.g. one or two for signalling messages on 
either a Basic interface or Primary Rate B-channel 
interface, respectively). 


Octet no. Bit no. 
e766 5 48.2 4 


are ee PROTOCOL 
1 Jotolototttotoio} & 
CO eee aha DISCRIMINATOR 


MANDATORY 


CALL REFERENCE LENGTH 


OPTIONAL 


|i CALLREFERENCE | | Catt 
VALUE REFERENCE 


MESSAGE 
TYPE 


CALL 
REFERENCE 
FLAG 
a) Overall message b) Exploded view of mandatory 
structure information elements 
Fig. 2.1 — Layer 3 signalling message structure. 


The CALL REFERENCE information element allows 
the local exchange and ISDN Terminal(s) involved in a 
call to uniquely identify the D-channel signalling 
messages relating to that call. (Conceptually) the CALL 
REFERENCE information element can be used to 
identify the many layer 3 access signalling links possible 
for every layer 2 logical link. 

The Call reference value (7 bits for a Basic interface 
and 15 bits for a Primary Rate B-channel interface) and 
Call reference flag (1 bit) make up the actual Call 
Reference. To illustrate the circumstances under which 
the call reference value and call reference flag are 
chosen the following example is presented. 

A terminal (see figure 3.1 of Part 1) on a Basic 
interface structure wishes to initiate a user signalling 
dialogue (e.g. to establish an ISDN call). The terminal 
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chooses an existing layer 2 data link connection or 
creates a new one to transport the layer 3 signalling 
messages. A Call reference value is chosen by the 
terminal from a list of all unused values associated with 
its end of the selected layer 2 data link connection. On 
a Basic interface a maximum of 128 (i.e. 2 exp 7) values 
are available at the terminal's end of the data link 
connection. The terminal sends its first and_ all 
subsequent signalling messages with a CALL 
REFERENCE information element made up from the 
selected Call reference value and a Call reference flag 
set to O (to indicate that it originated the signalling 
dialogue). The local exchange responds with layer 3 
signalling messages sent on the same layer 2 data link 
connection. These messages contain the same Call 
reference value but use a call reference flag set to | 
(ie. the exchange is responding). 

The above scenario presents the situation for a call 
initiated by terminal equipment on a Basic interface. 
It can also be used to describe the way in which both 
the local exchange and terminal equipment (e.g. PABX) 
on a Primary rate B channel interface handle the CALL 
REFERENCE information element. On a Primary rate 
B channel interface both the exchange and terminal 
equipment can choose from 32768 (i.e. 2 exp 15). Call 
reference values at their respective ends of the layer 
2 data link connection. Consequently, a total of 65536 
layer 3 access signalling links can be simultaneously 
active per layer 2 link connection. 

The symmetry of the CALL REFERENCE 
information element construction by exchange and 
terminal equipment on a Primary rate B channel 
interface is due to the fact that only one data link 
connection is used during ISDN call control. On a Basic 
interface the CALL REFERENCE information element 
construction by the exchange is complicated by the fact 
that an ISDN call is offered to all connected terminals 
via the layer 2 broadcast link. These terminals may 
choose to answer the call on an existing layer 2 data 
link connection or create a new one. The exchange 
cannot know in advance which terminal will answer a 
call, or on what data link connection it will send its 
answering signalling message (Mikelaitis, May 1985). 
Consequently, the Call reference value chosen by the 
exchange for the broadcast link may clash with a value 
already in use on the point-to-point layer 2 data link 
that is ultimately used to handle the layer 3 signalling 
messages. 


2.1.3 MESSAGE TYPE 

The MESSAGE TYPE information element is always 
one_octet_long and is used to identify the layer 3 
signalling message. Coding space allows for up to 128 
different layer 3 signalling messages. The defined layer 
3 signalling messages were discussed in detail in 
Chapter 5 of Part 1. 


2.2 THE OPTIONAL PART 

The information elements of the mandatory part 
of the layer 3 message identify, the protocol to which 
the message belongs (via the PROTOCOL 
DISCRIMINATOR), the access signalling link to which 
it belongs (i.e. via the CALL REFERENCE) and finally 
the type of signalling message that it is (ie. via 
MESSAGE TYPE). However to make an ISDN call the 
customer must be able to include a great deal more 
information than allowed by the mandatory information 
elements. Such information would, for example, include 
the destination address and supplementary services to 
be associated with a call and is carried in the 
information elements of the optional part of the layer 
3 signalling message. 


2.2.1 INFORMATION ELEMENT 
FORMAT 

The optional information elements of the layer 3 
signalling message will always use one of two physical 
formats. These formats are differentiated by their 
information carrying capacity and are referred to in this 
paper as: “single octet format’ (i.e. low information 
capacity) and “variable length format’ (ie. high 
information capacity). Information elements using the 
allowed formats are generically referred to as: 
® single octet information element, or 
® variable length information elements. 

Figure 2.2 illustrates the two possible physical 
formats. Note that the most significant bit (i.e. bit 8) of 
the first octet of an information element structure is 
used to alert equipment to the format used. That is, 
for a single octet or variable length format bit 8 is set 
to 0 or | respectively. 


INDICATES A 
SINGLE OCTET FORMAT 


MANDATORY 


INDICATES A 


IDENTIFIER 
VARIABLE LENGTH FORMAT 


IDENTIFIER 


LENGTH OF CONTENTS 
FIELD (IN OCTETS) 


a) Overall message structure b) Exploded view of optional information 


element formats 


Fig. 2.2 — Two possible types of information element format in the optional 
part of a layer 3 message. 
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After the format indicator bit (i.e. bit 8 of the first 
octet) is an “identifier” field which is used to determine 
the type of information element involved. For a single 
octet information element the identifier field is 3 bits 
long and can therefore be used to identify 8 (ie. 2 exp 
3) different information elements. Similarly the 7-bit 
identifier field of the variable length information 
element format can be used to identify up to 128 
different information elements. Hence, a total of 136 
different information elements can be identified using 
the coding scheme as described. 

In general, information elements have associated 
with them some form of information (eg. the digits of 
an address). This is carried in the ‘contents’ field of 
the physical format used by the information element. 
Single octet information elements have 4 bits available 
for information transportation. Whilst variable length 
information elements have as much as 255 octets 
available for information transportation. 


2.2.2 CODESET 0 

Figure 2.3 illustrates the currently defined 
information elements (as well as proposed extensions 
in brackets) and their respective identifier field bit 
patterns. Collectively these information elements are 
referred to as Codeset 0. Appendix A contains a brief 
description of all of the information elements of 
codeset 0. Although it should be noted that some of 
these (e.g. KEYPAD, DISPLAY and BEARER CAPABILITY 
to name three) have been described in previous 
sections of this paper in relation to other topics. 


2.2.2.1 INFORMATION ELEMENTS FOR 
STIMULUS TERMINALS 

As previously discussed (section 4.3 of Part 1) the 
major unresolved area of layer 3 signalling is the use 
of information elements. Because the variable length 
information elements have the greatest capacity for 
information transportation the problem actually 
revolves around their definition and use. 

The major legacy of the stimulus debate at the end 
of the 1981-1984 CCITT Study Period was the inclusion 
in codeset 0 of information elements for stimulus mode 
terminals, of which KEYPAD and DISPLAY are the most 
prominent (see figure 2.3). From Appendix A it can be 
seen that those information elements can carry any 
type of information between a terminal and exchange 
equipment. They are the general purpose information 
elements as opposed to the special purpose functional 
information elements. As discussed in section 4.3 (Part 
1) the general purpose (stimulus) information elements 
provide a mechanism for rapid response in the 
communication services marketplace. However, there 
could be a high price to pay for this flexibility and that 
is, the potential loss of the goal of global 
standardization for ISDN terminal equipment (see 
section 2.3, ‘A Disturbing Trend’). 


CODESET 0 
IDENTIFIER FIELD INFORMATION ELEMENT ASSIGNMENTS 
BIT 

8765 4321 
0 VARIABLE LENGTH INFORMATION ELEMENTS 

000 0100 

000 1000 CAUSE 

000 1100 CONNECTED ADDRESS 

001 0000 CALL IDENTITY 

001 0100 CALLSTATE 

001 1000 CHANNEL IDENTIFICATION 

001 1100 CCITT STANDARDISED FACILITIES 

001 1110 (PROGRESS INDICATOR) fitreneeeuen ese 
010 0000 NETWORK SPECIFIC FACILITIES INGDPMATION ELEMENTS 
010 0100 SEveweN 
010 0111 (NOTIFICATION INDICATOR) 

010 1000 DISPLAY 

010 1100 KEYPAD 

011 0000 KEYPAD ECHO 

011 0100 SIGNAL 

011 0110 SWITCH HOOK 

110 1100 ORIGINATION ADDRESS 

111 0000 DESTINATION ADDRESS 

111 0100 REDIRECTING ADDRESS 

111 1000 TRANSIT NETWORK SELECTION 

111 1001 (RESTART INDICATOR) 

111 1100 LOWER LAYER COMPATIBILITY 

111 1104 HIGH LAYER COMPATIBILITY 

111 1710 USER-USER INFORMATION 

Aas att RESERVED (ESCAPE) 
1 SINGLE OCTET INFORMATION ELEMENTS 

ot a poral INFORMATION ELEMENT WITH CODESET 

[SHIFT ] SHIFTING CAPABILITY 

O10) -=-- MORE DATA (SEE 6.2.3) 
O11 ---- CONGESTION LEVEL 

100 000- (CHANGEOVER INDICATOR) 


Fig. 2.3 — Information element assignments for codeset O 


Figure 2.4 is a Venn diagram illustrating the likely 
use of information elements by stimulus and functional 
mode equipment. Note that the proposed information 
element extensions have not been included since 
further work is necessary to clarify their uses. 


CAUSE, CONNECTED ADDRESS, 
CALLIDENTITY, CALL STATE, 
CHANNEL IDENTIFICATION, 

CCITT STANDARDISED FACILITIES 
ORIGINATION ADDRESS, 


DESTINATION ADDRESS, 
REDIRECTION ADDRESS, 


LOWER LAYER COMPATIBILITY, 
HIGH LAYER COMPATIBILITY, 
USER-USER INFORMATION 


KEYPAD, 

KEYPAD ECHO, 
SIGNAL, 

SWITCH HOOK 


BEARER CAPABILITY, 
DISPLAY, 

TRANSIT NETWORK 
SELECTION, 


Fig. 2.4 — Venn diagram illustrating the relationship between information 
elements used by functional and stimulus mode terminals 


Stimulus mode terminals will rely heavily on the 
general purpose DISPLAY and KEYPAD information 
elements to transport signalling related information 
across the ISDN user-network interface. They will use 
the BEARER CAPABILITY, information element to ask 
for a network Bearer service, and in those countries 
where appropriate (eg. USA) use the TRANSIT 
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NETWORK selection information element to select one 
or multiple transit networks for a call. The three 
ancillary information elements (note that they are 
special purpose) SIGNAL, SWITCH HOOK and 
TERMINAL CAPABILITIES will also be used to support 
stimulus terminal operation. 

Of these, TERMINAL CAPABILITIES is the most 
important since it is used by a stimulus mode terminal 
to alert the exchange to the fact that it is operating in 
the stimulus mode (i.e. for any new signalling dialogue 
a stimulus mode terminal will include a TERMINAL 
CAPABILITIES information element in the first message 
it sends to the exchange). Consequently, the exchange 
can make allowances for differences in layer 3 signalling 
dialogues and use the appropriate layer 3 information 
elements. The information element KEYPAD ECHO is 
an adjunct to KEYPAD, being a means for the local 
exchange to echo the contents of the KEYPAD 
information element back to the terminal. 

Before leaving this area a final comment must be 
made on the DISPLAY information element, which 
according to figure 2.4 can be used by both functional 
and stimulus mode terminals. Originally DISPLAY was 
defined solely for stimulus mode terminals. However, 
during the stimulus debate CCITT have attempted to 
reconcile the two information element approaches such 
that neither would represent an alternate way for the 
transport of signalling related information. Had this 
reconciliation been successful, the Venn diagram of 
figure 2.4 would have shown the information elements 
used by stimulus mode terminals to be a subset of all 
of the available information elements. The movement 
of DISPLAY into the set intersection area is a product 
of the reconciliation activity. 


2.2.3 CODESET SHIFTING 

In section 2.2.1 and 2.2.2 the coding scheme for 
the identification of individual information elements 
and those codes already assigned to information 
elements were described. Collectively, all of the 
currently defined information elements are referred to 
as codeset 0. An astute reader would guess that if a 
need existed to number a codeset then it is likely that 
more than one codeset is possible. Because of the 
importance of information elements CCITT have opted 
for maximum expansion capability in this area by 
allowing for up to eight codesets. 

To achieve this expansion (remember that the 
coding scheme as originally described allows for a 
maximum of 136 information elements) CCITT have 
assigned the single octet information element, SHIFT 
to provide a shift mechanism (not unlike that found on 
a typewriter keyboard). 

When encountered within the body of a message 
the SHIFT information element affects the 
interpretation of the identifier field of the next or 


successive information elements. Figure 2.5 illustrates 
the details of the SHIFT information element structure. 


LOCKING BIT 
0_ LOCKING SHIFT 
1_ NON LOCKING SHIFT 


SHIFT IDENTIFIER 
(SEE FIGURE 6.3) 


Fig. 2.5 — Details of the shift information element 


The locking bit determines whether the shift is to affect: 

@ only the next information element (ie. the shift is 
“non locking’) 

@ all following information element structures until 
another SHIFT or the end of the message is 
encountered (i.e. the shift is “locking’’). 

The codeset identification bits indicate the rule by 
which the identifier fields of the affected information 
element structures are to be interpreted (i.e. there are 
8 possible ways of interpreting an affected identifier 
field). 

When the exchange or terminal equipment receives 
a signalling message it analyzes the identifer field bit 
patterns of the information element structures to 
determine which information element it is dealing with. 
At the beginning of each signalling message (ie. the 
optional part) codeset 0 (i.e. no shift) is assumed to be 
the active codeset and the exchange or terminal 
equipment interprets the identifier fields according to 
the table shown in figure 2.3. 

If the equipment encounters a SHIFT information 
element with the codeset identification bits set to, for 
example, 100 (i.e. 4). Then, if the shift was non locking, 
the next identifier field would be interpreted according 
to the rules of codeset 4 (ie. the identifier field 
00000100 which identifies the BEARER CAPABILITY 
information element according to codeset 0 would 
identify some other information element according to 
the as yet undefined codeset 4). All identifier fields after 
this would be once again interpreted according to the 
originally (ie. prior to the non locking shift) active 
codeset (i.e. codeset 0 in this case). However, if the shift 
was locking, the active codeset is changed to that 
specified in the locking SHIFT information element. The 
new codeset remains active until another locking shift 
at the end of the message is encountered. 

This approach to expansion demands that the 
identifier field for the SHIFT information element be 
the same for all codesets. Thus, only 135 of the original 
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136 identifier fields are available for information 
element assignment. A further two fields have been 
reserved by CCITT for future use (i.e. one each of the 
single octet and variable length type, see figure 2.3). 
Bringing those identifier fields available for assignment 
down to 133. Consequently the information element 
coding scheme as described allows for the 
identification of at least 8x133 information elements 
(i.e. 133 per codeset). 

Of the eight possible codesets only codeset O has 
any assigned information elements. Codesets | to 5 
have been reserved by CCITT for future use. Codesets 
6 and 7 have been set aside to allow for inforrnation 
elements that have regional significance only. Codeset 
6 is to contain information elements that are specific 
to the local serving network (e.g. information elements 
that invoke non standard services specific to that 
network) and codeset 7 is to contain information 
elements that are user-specific (e.g. special users might 
be granted access to information elements not 
generally available). 

At this point it is worthwhile noting that the uses 
projected for all but codeset 0 are somewhat tentative 
and liable to change in the 1985-88 Study Period. In 
particular it would appear that codesets 6 and 7 (in 
particular 6) provide the means to _ rationally 
incorporate the service invocation capabilities 
supported by the currently defined stimulus 
information elements. 


2.3 A DISTURBING TREND 

This chapter has provided the final level of detail 
of the ISDN user-network interface to be presented in 
this tutorial. It has dealt with the layer 3 message 
structure and detailed the information elements that 
are the basic building blocks of that structure. 

Stimulus and functional mode terminals were 
shown as basically using different sets of information 
elements to transport signalling related information 
across the ISDN user-network interface. This situation 
remains tractable so long as terminals use the general 
purpose and functional information elements in a 
predictable manner. 
However, during 1985 a disturbing trend in the use 
of information elements is emerging. Because the 
current functional information elements are adequate 
only to the task of simple service specification, 
participants in ISDN field trials are designing exchange 
and terminal equipment that use a mixture of the 
functional and general purpose information elements 
for service specification. Communications equipment 
designed in this way share signalling related information 
between the general purpose and_ functional 
information elements in a way that is largely 
determined by the manufacturer. If CCITT do not 
develop a complete and flexible layer 3 specification 
in the current accelerated Study Period (1985-86) this 


£ 


trend will continue into commercial implementations 
of ISDN. As a consequence of this, communications 
equipment for the ISDN user-network interface will only 
interwork with equipment produced by manufacturers 
that follow the same information element mixing rules. 
The goal of global standardization for ISDN terminal 
equipment may well already be beyond our reach! 


3.0 CONCLUSION 

The reader has been taken on a tour of the ISDN 
user-network interface that began with a simple 
overview model of the ISDN (ie. figure 2.1 of Part 1) 
and ended with a detailed discussion on the basic 
building blocks (ie. information elements) of the D- 
channel layer 2 message. 

During this tour it was shown that layer 3 of the 
D-channel is still undergoing development. This 
uncertainty in layer 3 being embodied in the notion that 
two distinct types of ISDN terminal exist, namely; 
functional and stimulus modes. However, upon closer 
examination it became obvious that the area of 
uncertainty in the current D-channel layer 3 
recommendation resides in the use of information 
elements. Stimulus mode terminals rely heavily on 
general purpose (or stimulus) information elements to 
carry signalling related information across the ISDN 
user-network interface. Whilst functional mode 
terminals rely on information specific functiona 
information elements (ie. there is an information 


element for each type of information). The stimulus 


approach provides the communications service 
provider with the flexibility to react quickly to market 
forces. However, the price of such flexibility is the 
potential loss of effective global standardization for 
service specification and invocation at the ISDN user- 
network interface. 

Regardless of the current uncertainties in the 
specification of layer 3 of the ISDN user-network 
interface it already provides a strong foundation for the 
delivery of sophisticated services in the future ISDN. 
The following is an attempt to summarize those existing 
characteristics of layer 3 that will heavily influence the 
development of future telecommunication services. 

(i) The customer can describe the functions required 
of an ISDN network connection in terms of a three- 
layered protocol model. Using this model (via the 

BEARER CAPABILITY information element) the 

customer has the potential to request information 

transportation services from an ISDN of far greater 
capability than those that would be supported by 

a simple 64 kbit-s network connection. The means 

by which a customer can request wideband 

services of an ISDN are already an integral part of 
the ISDN user-network interface. 
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(ii) When offering a call an A party terminal specifies 
(ie. in the LOWER and HIGH LAYER 
COMPATABILITY information elements) the 
functions required in each of the layers (i.e. layers 
1 to 7) of a B party terminal if it is to successfully 
receive the call. This characteristic of layer 3 allows 
terminals to determine compatibility with the 
offered call profile during the call set up phase of 
an ISDN call. On the basis of compatibility checking 
a terminal can; elect to ignore an offered call, or 
reconfigure itself to be compatible with the offered 
call profile. 
All ISDN network connections under the complete 
control of CCSS No. 7 have an accompanying end- 
to-end signalling association. This parallel 
communication path can be used by end terminals 
to co-ordinate and control their use of the major 
network resource (i.e. ISDN connection) assigned 
to a call (i.e. via user-to-user signalling). 
CCITT is aware of the problems caused by the lack 
of a tightly specified layer 3 recommendation (CCITT 
1.451). Its response is to instigate accelerated 
procedures whereby an extended layer 3 
recommendation is produced in the first two years of 
the current (1985-1988) Study Period. During this period 
and beyond, the extent of future work will depend 
heavily on the development, or non development of 
a multi-layered (ie. beyond the current three layers) 
architectural model for the ISDN user-network interface. 
A model should be developed and adopted which is 
upward compatible with the current OSI seven layered 
structure. It can then be used as a framework for studies 
into such pressing areas as: 
@ service invocation at the ISDN user-network interface 
@ migration of existing services to the ISDN 
environment 
@ interworking between the D-channel layer 3 and the 
(ISDN User Part of NCSS No. 7). 

The Integrated Services Digital Network is not just 
another network to sit beside and interwork with 
existing service-dedicated networks. It is an approach 
to telecommunication service provision (ie. both 
information transportation and processing) that could 
consolidate the arrival of the Information Age. 


(iii) 
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APPENDIX A 

DESCRIPTION OF THE INFORMATION 
ELEMENTS OF CODESET 0 

Information elements are the basic building blocks from 
which the layer 3 signalling messages are constructed. 
These “building blocks” are logically grouped into one 
of eight codesets. Where each codeset can have up to 
133 assigned information elements. This appendix 
provides a brief description of each of the information 
elements currently (1984) assigned to codeset 0 as well 
as those information elements proposed for inclusion 
(in brackets) in 1986. A list of these information 
elements can be found in figure 2.3 or, in the slightly 
modified version of that figure reproduced in this 
appendix for convenience as figure Al (see below). 


CODESET 0 
INFORMATION ELEMENT ASSIGNMENTS 


Variable Length on 
Information Elements Origination Address 


Bearer Capability Destination Address 
Cause Redirecting Address 
Connected Address Transit Network Selection 
Call Identity (Restart Indicator) 
Call State Low Layer Compatibility 
Channel Identification High Layer Compatibility 
CCITT Standardized User-User Information 
Facilities Reserved (Escape) 
(Progress Indicator) 
Network Specific Facilities 


Single Octet Information 


Terminal Capabilities Elements 
(Notification Indicator) Reserved 

Display Shift 

Keypad More Data 

Keypad Echo Congestion Level 
Signal (Changeover Indicator) 


Switch Hook 


The information elements are described in the 
same order as they appear in figure Al. 


BEARER CAPABILITY 

This information element allows the customer to 
specify the functions required of an ISDN network 
connection to support a call. The specification is in 
terms of a three layered functional profile presented 
to the local exchange. It is up to the exchange to 
examine the functions specified in this model to 
determine how to build an ISDN network connection 
that satisfies the specified requirements. 

When the local exchange is offering a call to the 
customer this information element specifies the 
functional profile of the network connection supporting 
the call. A terminal must be able to match this profile 
in order to accept the call (see 5.4.1 of Part 1). 

An important point to note is that at the customer's 
end, the ISDN connection involved in a call is specified 
by function (ie. at each of three layers) and not in terms 
of network technology. Thus, it is possible in the future 


to use this information element to specify a call 
requiring say, a 10 Mbit-s bandwidth and be oblivious 
to the fact that is is being supported by an optical fibre. 


CAUSE 

The CAUSE information element carries call related 
diagnostic information across the ISDN user-network 
interface. Typically, this information element would be 
used to report on: 

@ procedural errors (e.g. protocol error or the receipt 
of an incomplete message) at the ISDN user-network 
interface) 

@ why a customer cannot gain access to a requested 
service (e.g. the subscription to the service has 
expired) 

@ the state of transit networks (eg. destination not 
available, network congestion, degraded service and 
network out of order) when that state effects the 
establishment of a call or when changes in the state 
effect an existing call 

® why certain messages are generated by equipment 
at the ISDN user-network interface (e.g. A terminal 
may be compatible with a call, but be unable to 
answer because it is busy. Hence, it returns an 
ALERTING message with CAUSE set to “user busy” 
instead of a CONNECT). 


CONNECTED ADDRESS 

A call may be redirected or transferred before the 
A party finally reaches the required B party. 
Consequently the original destination address is not 
necessarily the same as the connected address. This 
information element indicates the actual address on 
which a call finally terminates. 


CALL IDENTITY 

When a terminal requests a call suspension it passes 
a call identity (up to 255 octets in length) to the local 
exchange via the CALL IDENTITY information element. 
Once the call reference associated with the call is 
released as part of the suspension procedures the call 
identity is the only means by which the call can be 
identified. To resume a call, a terminal sends a RESUME 
message to the local exchange with the call identity 
of that particular call in the CALL IDENTITY information 
element. 


CALL STATE 

This information element carries the state number 
of the current state (as defined in sections 2.1.1 and 
2.1.2 of 1.451) of the customer or exchange equipment. 
The CALL STATE information element is carried in the 
STATUS message and can be used by equipment to 
report their present “position” in a signalling dialogue 
(e.g. what state of the SDL diagrams of 1.451 the 
equipment is currently in). This might occur after a 
procedural error as part of an as yet undefined recovery 
mechanism. 
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CHANNEL IDENTIFICATION 

This information element allows the customer and 
the local exchange to specify channel(s) (and optionally 
subschannels) at the ISDN user-network interface to be 
used for an ISDN call. On a Basic interface the following 
can be specified; no channel (i.e. signalling association 
only), D-channel (e.g. D-channel packet communication), 
BI channel, B2 channel or any channel. 

On a Primary rate interface it is possible to specify 
multiples of B channels (64 kbit-s) and H, channels 
(1920 kbit-s). In each case it is possible to specify sub 
channels. Thus, if the original choice involved B 
channels it is possible to specify individual 8 kbit-s sub 
channels. Similarly for H, channels it is possible to 
specify 64 kbit-s subchannels and then to identify (if 
desired) 8 subchannels within each of those. For H, 
channels the approach to sub channel identification is 
the same. 


CCITT STANDARDIZED FACILITIES 

This information element allows the customer to 
invoke a number of CCITT standardized facilities (e.g. 
delivery of origination address barred, connected 
address required, supply charging information after end 
of call and reverse charging, to name four cases). When 
used by the exchange it indicates the facilities invoked 
for the call. 


(PROGRESS INDICATOR) 

The PROGRESS INDICATOR is an information 
element designed to indicate events that might occur 
during the lifetime of a call. For example, it could carry 
an indication that interworking with a non ISDN has 
occurred. Further clarification by CCITT is necessary 
on the range of information this element can carry. 


NETWORK SPECIFIC FACILITIES 

This information element is used to indicate which 
network facilities are being invoked by particular 
networks involved in an ISDN call. In a multi carrier 
environment (e.g. USA) it allows the customer to know 
the services obtained from specific transit networks. Its 
greatest use probably lies in the billing process. 


TERMINAL CAPABILITIES 

Stimulus mode terminals place this information 
element in the first message (they return to the 
exchange) of every new signalling dialogue. It alerts the 
exchange to the fact that it is dealing with a stimulus 
mode terminal. 


(NOTIFICATION INDICATOR) 

This post 1984 proposal is meant to carry 
information pertaining to a call. In particular it can be 
encoded to indicate “User Suspended” and “User 
Resumed’’. However, its function at present appears to 


overlap with that of the PROGRESS INDICATOR. 


DISPLAY 

The DISPLAY information element carries 
information codes as IA5 Characters (up to 255 
characters) from the exchange to the terminal. 
Ostensibly this information is to be displayed for the 
terminal user, but it can in fact be used for any signalling 
related purpose. 


KEYPAD 

This information element carries IA5 encoded 
information from a stimulus mode terminal to the 
exchange. The semantics of the IA5 strings (up to 255 
characters per information element) are not 
standardized by CCITT and can therefore be made to 
carry any signalling related information. 


KEYPAD ECHO 

The local exchange has the option to echo the 
contents of a received KEYPAD information element 
back to the sending terminal. This echoed information 
is carried in the KEYPAD ECHO information element. 


SIGNAL 

On receipt of the SIGNAL information element a 
stimulus mode terminal will generate a tone according 
to instructions encoded within the information element. 
Thus, the exchange can instruct a terminal to generate, 
for example; dial tone, ring back tone and busy tone 
to name three of the currently defined 19 tone 
instructions. 


SWITCH HOOK 

Stimulus mode terminals use this information 
element to inform the local exchange of the state of 
their switch hook. Thus, the SWITCH HOOK information 
element can carry the values “on-hook”’ or “off-hook’’. 


ORIGINATION ADDRESS 

This information element is used to identify the 
origin of an ISDN call establishment attempt, or to 
identify the origin of a service request. It is carried in 
the SETUP or FACILITY signalling messages and 
transports address information. 


DESTINATION ADDRESS 

This information element is used to identify one 
destination for an ISDN call set up attempt, or one 
destination for “across the network’ user-to-user 
signalling. Consequently, it can be carried by the SETUP 
and INFORMATION messages. Note that if a point to 
multi-point ISDN call setup was required or point to 
multi-point transfer of user-to-user signalling the SETUP 
and INFORMATION messages would carry multiple 
DESTINATION ADDRESS information elements. 
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REDIRECTING ADDRESS 

The REDIRECTING ADDRESS information element 
identifies the destination address from which a call was 
redirected. In the case of multiple redirections the 
information element may be repeated in a signalling 
message (i.e. ALERTING, CONNECT and SETUP) in 
order to store a call’s redirection history. 


TRANSIT NETWORK SELECTION 

This information element allows the customer to 
choose the transit networks through which an ISDN call 
will be routed. It is of particular use in countries such 
as the USA where there are a number of competing 
network providers. 


(RESTART INDICATOR) 

This information element is carried by the RESTART 
message. It can be encoded to indicate which channel 
or group of channels at a user-network interface are 
to be restarted (i.e. set to some as yet undefined idle 
condition). 


LOW LAYER COMPATIBILITY 

This information element is similar in structure to 
that of BEARER CAPABILITY. However, where the 
BEARER CAPABILITY information element is of local 
significance (ie. between the terminal and exchange) 
the LOW LAYER COMPATIBILITY information element 
is transported transparently by the network, it has 
significance only to the communicating terminals. 

The LOW LAYER COMPATIBILITY information 
element allows end terminals to specify the lower layers 
(layers 1, 2 and 3) required for an ISDN call. It 
complements the BEARER CAPABILITY information 
element. Thus, an A party might instigate a call 
specifying (via BEARER CAPABILITY) layer 1 network 
functionality only (ie. a simple 64 kbit-s connection). 
However, it may still require layer 2 and 3 functionality 
for the call. Consequently it specifies this requirement 
to the B party via the LOWER LAYER COMPATIBILITY 
information element. In this case the two terminals have 
elected to use a simple network connection and placed 
their own protocols on top of it. Thus, the BEARER 
CAPABILITY information element is used to specify 
network supplied functionality and the LOW LAYER 
COMPATIBILITY information element is used to specify 
customer supplied functions to be placed on “top” of 
the network connection. As more network supplied 
functions are specified via the BEARER CAPABILITY 
information element there is less room to specify user 
supplied functions via the LOW LAYER COMPABILITY 
information element and vice versa. 


HIGH LAYER COMPATIBILITY 

This information element is carried transparently 
by the network and is used by end terminals to ensure 
the existence of the higher layer (ie. layers 4 to 7) 


functions necessary to support a call. Thus, the A party 
could incorporate in the call set up signalling messages 
the functional profile required of a B party terminal if 
it is to successfully handle the offered call. 


USER-USER INFORMATION 

This information element is carried transparently 
by the network and can be used by end terminals to 
transport information between themselves. This 
information could for example, simply supplement the 
information carried on the main ISDN connection or 
it could be used to control terminal mode changes and 
therefore the way terminals interpret the information 
carried by the main ISDN connection. 


RESERVED 

These information elements (both the variable 
length and single octet forms) have been set aside for 
future use (e.g. to provide an escape mechanism, if 
necessary). They are common to all codesets. 


SHIFT 

The SHIFT information element allows for non 
locking and locking codeset shifting within signalling 
messages (see section 2.2.3 of Part 2). 


MORE DATA 

In situations where end terminals are making use 
of the USER-USER information element to transport 
information between themselves the MORE DATA 
information element can be used to provide a simple 
level of flow control. The network transports the MORE 
DATA information element transparently between end 
terminals. 


CONGESTION LEVEL 

The contents of the USER-USER information 
element are transported in the Message Signalling Unit 
of Common Channel Signalling System No. 7. A 
situation could be envisaged where customer traffic 
utilizing the service offered by the USER-USER 
information element could congest and therefore 
seriously affect the principal function (i. network 
control) of the signalling network. 

The CONGESTION LEVEL information element is 
sent to the customer by the local exchange in the 
CONGESTION CONTROL message. It can take on one 
of two values, namely: 
® receiver ready 
® receiver not ready 

Thus, under signalling network congestion 
conditions the local exchange can send a 
CONGESTION LEVEL information element set to 
“receiver not ready” (ie. the receiver being the local 
exchange). All USER-USER information elements 
received from the customer (to which the above 
CONGESTION LEVEL information element was sent) 


TELECOMMUNICATION JOURNAL OF AUSTRALIA VOL. 38 NO. 2 1988 


A TUTORIAL ON ISDN CUSTOMER CALL CONTROL 


will be discarded by the local exchange. When ready 
to handle further USER-USER information elements the 
local exchange can send a CONGESTION LEVEL (to 
the cusotmer) set to “receiver ready”. 


(CHANGEOVER INDICATOR) 

This is an undeveloped (as of Oct-Nov 1985) post 
1984 proposal which might be used to indicate a 
change over to another piece of user equipment is 
required as part of the new in-call modification 
procedures. 
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— the impact of emerging “Artificial Intelligence’ and Data 

base technologies on the telecommunication environment 
Peter received the Bachelor of Engineering and Master of Engineering 
Science degrees in 1976 and 1978 respectively from the University 
of Melbourne 
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“Id settle for a bare bones spectrum analyzer 
just to have one right on my bench: 


“Why settle: o” Porander 
$15,000, ye HP 8590A Portable RF 
Spectrum poe is sucha econ buy 
that you can 
afford one 
for every 
bench. Yet it’s 
no stripped 
down, low- 
tech model. 

It's loaded. 

You'll find every essential 
measurement tool in the HP 8590A, 
plus more of the right bells and 
whistles than analyzers three times 
as expensive. 

And theres a wide frequency range 
(10 kHz to 1.5 or 1.8 GHz), large 
amplitude range (-115 dBm to 
+ 30 dBm), plus 50 or 75-ohm input. 
Frequency accuracy runs + (5 MHz 
+ 1% of span). 

‘Take care of the basics with three 
simply labelled keys: FREQUENCY, 


HP 8590A 
Portable RF Spectrum Analyzer. 


SPAN and AMPLITUDE. The entire 
keyboard is that easy to understand. 
There are 14 dedicated keys for 
common functions plus softkeys 

for over 80 special tasks. 

Three optional digital interfaces 
make the HP 8590A completely 
programmable for automated pro- 
duction testing. And you can use just 
about any desktop or HP hand-held 
computer to do it. 

Use the HP 8590A’s briefcase handle 
to carry it anywhere. It weighs just 
13 kgs, slips into all the tight spots, 
and it's sturdy enough to withstand 
the rigors of real portability. 


Pick up the phone and call 
HP’s Customer Information 
Centre STD-free on (008) 033 821 
to find out more on the HP 8590A 
Portable RF Spectrum Analyzer. 


Newton refracts light 
through a glass prism, 
circa 1672. 

“The Bettmann Archive.’ 
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ANRITSU CREATES NEW 
POSSIBILITIES WITH 
INTELLIGENT PEAK SEARCH 


The all-new spectrum analyzer 
smartly pinpoints signals with 
more precise results. 

Now you can do it all with the new 
MS2601A Spectrum Analyzer: locate 
the signal peak instantly zn a user- 
specified range even in crowded 
spectra with the world’s first zone 
marker, track the signal through 
repeated sweeping within the zone, 
and average the levels of the zone. 
The detected peak ts digitally dis- 
played with 0.05dB resolution and 
in optimum RBW. You'll agree —the 
analysis is simpler, faster and more 
precise than ever. 

The MS26014A offers highly accu- 
rate signal analysis up to 30Hz RBW 
and automatic calibration guarantees 
1dB total level accuracy. A new 
scroll function shows the spectrum 
beyond the screen, smoothly moving 
up to two divisions each way. 

What's more, advanced digital 
processing enables faster measure- 
ment and display menus simplify 
operation. Plus, new Plug-in 
Memory Cards make complex 
operations easy and fast by storing 
up to 48 sets of data. The compact, 
portable MS26014A has a range of 
10kHz to 2.2GHz at — 130 to +20 
dBm (dynamic range of 75dB). 

Choose the smart spectrum ana- 
lyzer with greater cost- performance 
—choose the Anritsu MS26014A. 


RF INPUT 50 PROBE SOURCE INTENSITY — iis 
LOO MS2601A Spectrum Analyzer 
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“Ss MELBOURNE — 58 QUEENSBRIDGE STREET 
SOUTH MELBOURNE, VICTORIA 3205 
TELEPHONE : (03) 615-6677 


FAX : (03) 615-6667 
TELEX : AA30878 
SYDNEY — TELEPHONE : (02) 6632283 


